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Background:Low-grade B-cell lympho-
mas arising in mucosa-associated lym-
phoid tissue (MALT) are most fre-
quently localized in the gastrointestinal
tract. More than 90% of gastric MALT
lymphomas are diagnosed in patients
with chronic, Helicobacter pylori-
associated gastritis. High remission
rates for these lymphomas have been
observed after the cure of H. pylori
infection. Data are lacking, however,
with regard to the duration of the re-
missions. To address this question of
remission duration, we have followed
50 patients in whomH. pylori infections
were eradicated, and we determined
whether the patients in complete remis-
sion displayed evidence of residual
monoclonal B cells during follow-up.
Methods: Patients were treated with
amoxycillin and omeprazole for 2
weeks in an attempt to cureH. pylori
infections. Follow-up included endo-
scopic investigations with biopsy sam-
pling. Monoclonal B cells in biopsy
specimens were detected by means of
a polymerase chain reaction (PCR)-
based assay.Results: H. pylori infec-
tions were cured in all 50 patients. The
median follow-up for the 50 patients is
currently 24 months (729 days; range,
135–1411 days). Forty patients achieved
complete remission of their lympho-
mas, but five have subsequently re-

lapsed. The median time of continuous
complete remission for the 40 patients
was 15.4 months (468 days; range,
0–1198 days). Among six patients
whose lymphomas did not respond to
H. pylori eradication, four revealed
high-grade lymphomas upon surgery.
PCR indicated the presence of mono-
clonal B cells during follow-up in 22 of
31 assessable patients in complete re-
mission. Conclusions:Complete remis-
sions of low-grade gastric MALT lym-
phomas after the cure of H. pylori
infection appear to be stable, although
most patients display evidence of
monoclonal B cells during follow-up.
Whether these patients are truly cured
of their lymphomas remains to be de-
termined. [J Natl Cancer Inst 1997;89:
1350–5]

The concept of mucosa-associated
lymphoid tissue (MALT) was introduced
by Isaacson and Wright in 1983(1). Until
that time, lymphomas arising from MALT
were not considered special with regard
to biology or clinical behavior. The re-
vised European–American classifica-
tion of lymphoid neoplasms(2) desig-
nates MALT lymphomas as ‘‘marginal
zone B-cell lymphomas,’’ since MALT
lymphomas originate from B cells of the
marginal zone. MALT lymphomas are
most frequently localized in the gastroin-
testinal tract, and more than 90% of all
gastric MALT lymphomas have been
shown to be associated with chronic,
Helicobacter pylori-associated gastritis
(3–5). Recent epidemiologic, clinical,
and molecular biologic evidence has im-
plicatedH. pylori as an important player
in the genesis of gastric MALT lympho-
mas.

Although clinical studies(6–8) have
reported high remission rates for low-
grade gastric MALT lymphomas after the
cure ofH. pylori infection, data are lack-
ing with regard to the duration of these
remissions. We have previously reported
(7) on 33 patients with stage EI low-grade
gastric MALT lymphoma who had been

treated using a dual therapy consisting of
omeprazole and amoxycillin. We describe
herein an extended analysis of 50 total
patients (i.e., the initial 33 patients and 17
additional patients) who have been fol-
lowed for a median time of 24 months.
We have addressed the question of wheth-
er the remissions induced byH. pylori
eradication are stable. In addition, we
have investigated whether the patients in
complete remission after the cure of this
infection show a disappearance of clonal
B cells, as determined by a loss of mono-
clonal amplification products (i.e., mono-
clonal bands) in a polymerase chain reac-
tion (PCR) analysis.

Patients, Materials, and
Methods

Patients

Fifty patients with stage EI low-grade gastric
MALT lymphomas were included in this prospec-
tive multicenter study(7). Recruitment was as fol-
lows: whenever a gastric biopsy specimen referred
to our central pathologist (M. Stolte) revealed the
presence of low-grade gastric MALT lymphoma, the
referring physician was informed about the study
protocol and asked to enroll the patient in the study.
Staging included a clinical examination, endosonog-
raphy, computer tomography of the abdomen and
thorax, and a bone marrow biopsy. Only patients
with clinical and ultrasound stage EI disease were
included(9). When the referring physician and the
patient agreed to participate, a panel of biopsy speci-
mens was taken at a second endoscopic investiga-
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Universitätsklinikum der Technischen Universita¨t
Dresden, Germany; A. Morgner, E. Bayerdorffer,
Medizinische Klinik, Gastroenterologie, Hepatolo-
gie und Infektiologie, Universita¨tsklinikum Magde-
burg, Germany; T. Wundisch, M. Stolte, Institut fu¨r
Pathologie, Klinikum Bayreuth, Germany.

Correspondence to:Andreas Neubauer, M.D.,
Medizinische Klinik I, Hamatologie/Onkologie,
Universitatsklinikum Dresden, Fetscherstrasse 74,
01307 Dresden, Germany. E-mail: neubauer@
oncocenter.de

See‘‘Notes’’ following ‘‘References.’’

© Oxford University Press

1350 REPORTS Journal of the National Cancer Institute, Vol. 89, No. 18, September 17, 1997



tion for histologic, microbiologic, and molecular
studies.

Thereafter, the patients were treated with a 2-
week course of amoxycillin (3 × 750 mg daily) and
omeprazole (3 × 40 mg daily). Four weeks after
completing this therapy, the first endoscopic control
investigations were performed, and these investiga-
tions were repeated monthly whenever the patients
did not show a regression of their lymphoma. After
achieving complete remission, the patients were ex-
amined every 6 months. A re-staging was performed
every year. Patients not achieving a complete remis-
sion were considered to have failed to respond toH.
pylori eradication and were referred to alternative
treatment strategies at week 22 after the completion
of eradication therapy. Patients exhibiting no re-
sponse at the second post-treatment control endos-
copy were also categorized as treatment failures and
were referred to alternative treatments. The clinical
protocol for this study was approved by the local
ethical commitees of the Universita¨t Erlangen:
Nuremberg and the Virchow-Klinikum, Humboldt-
Universität Berlin.

Pathologic Analysis

Pathologic analysis of the biopsy samples was
performed as described previously(7). The criteria
for the diagnosis of low-grade gastric MALT lym-
phomas were as follows: unequivocal evidence of
lymphoepithelial destruction and replacement of
the gastric glands by uniform centrocyte-like cells
(10). A judgment of complete histologic regression
was rendered when no remnant lymphoma cells
could be detected in the post-treatment biopsy speci-
mens and an ‘‘empty’’ tunica propria with small
basal clusters of lymphocytes and scattered plasma
cells was found instead. Partial histologic regression
was defined by the presence of post-treatment bi-
opsy samples exhibiting only partial depletion of
atypical lymphoid cells from the tunica propria or
focal lymphoepithelial destruction.

Detection of Monoclonal B cells by
Means of PCR Amplification of
Rearranged Immunoglobulin
Heavy-Chain Variable
(VH)-Region Genes

PCR was performed with consensus primers es-
sentially as described previously(7), except that a
dilution of 1:100 was used for the seminested step
instead of a dilution of 1:1000, making the technique
more sensitive for monoclonal B-cell detection. Di-
lution experiments with the B-cell line LAM re-
vealed a sensitivity of 1%–2% for this assay (data
not shown)(11).Since we were dealing with biopsy
specimens, it was important to control for sufficient
amounts of DNA in the amplification reaction mix-
tures. Such control was achieved by amplification of
the b-interferon gene(12). Only samples showing
amplification of b-interferon gene sequences were
processed further.

To confirm clonality, monoclonal bands were
eluted from preparative electrophoretic gels and
cloned into TA-vectors (Invitrogen, Leek, The Neth-
erlands) for DNA sequencing. Sequence information
was obtained for at least eight clones per sample by
means of dye-terminator cycle-sequencing reactions
and use of an automated DNA-sequencing machine,
following protocols provided by the manufacturer
(Applied Biosystems, Foster City, CA). The soft-
ware package Lasergene (DNA-Star, Madison, WI)
was used to align DNA sequences.

Statistical Analysis

Statistical analysis was performed by use of Stat-
View (Abacus Concepts, Berkeley, CA) software for
personal computers. The Kaplan–Meier method was
used to analyze survival and the duration of remis-
sion. In the analysis of complete remission duration,
data were censored whenever patients were in con-
tinuous complete remission at the last visit that in-
cluded a gastroscopy. Two patients died in complete
remission from causes unrelated to lymphoma (myo-
cardial infarction, n4 1; arterial embolism). The

deaths of these two patients were considered as
‘‘events’’ in this analysis.

Results

Response to Cure ofH. pylori
Infection

Cure of H. pylori infection was ob-
tained in all 50 patients; in two patients, a
second treatment course consisting of
metronidazole (800 mg/day), clarythro-
mycin (500 mg/day), and omeprazole (40
mg/day) for 7 days was necessary to cure
the infection. In one patient, local relapse
of MALT lymphoma was associated with
reinfection. This reinfection was treated
with the triple therapy described above,
and the patient is now in second remis-
sion. Forty (80%) of the 50 patients went
into complete macroscopic and histologic
remission, four went into partial remis-
sion, and in six, no change was seen after
the cure ofH. pylori infection. Table 1
shows the demographic and response data
for all 50 patients.

Follow-up of the 50 Patients

Median follow-up for all 50 patients is
now 24 months (729 days; range, 135–
1411 days). We first analyzed how stable
the complete remissions were. Fig. 1 dis-
plays a Kaplan–Meier analysis of the du-
ration of continuous complete remission
calculated from the first day that complete
remission was achieved. Among the 40 pa-

Table 1. Clinical, histologic, and demographic data on 50 patients with low-grade gastric MALT lymphomas who were treated to eradicate infection with
Helicobacter pylori*,†

Complete remission
(n 4 40)

Partial remission
(n 4 4)

No change
(n 4 6)

Previous
study New Total

Previous
study New Total

Previous
study New Total

No. (%) 24‡ (73) 16 (94) 40 (80) 3‡ (9) 1 (6) 4 (8) 6 (18) 0 (0) 6 (12)
Female/male 11/13 7/9 18/22 2/1 0/1 2/2 2/4 0 2/4
Median age, y (range) 57.5 (31–74) 67.5 (39–77) 61 (31–77) 37 (34–84) 60 48.5 (34–84) 47.5 (35–78) 0 47.5 (35–78)
Tumor stage (by histology)§

EI 24 16 40 3 0 3 3 0 3
ùEI 0 0 0 0 1 1 3 0 3

Endoscopic appearance
Tumor 14 9 23 2 0 2 2 0 2
Ulcer 7 6 13 0 1 1 2 0 2
Mucosal erosion 1 0 1 0 0 0 0 0 0
Atypical mucosa 2 1 3 1 0 1 2 0 2

Tumor size, cm (range) 2.5 (1–10) 3 (1–8) 3 (1–10) 4 (2–5) 1 3 (1–5) 5 (2–8) 0 5 (2–8)

*The 50 patients in this study include 33 patients who were described previously(7) and 17 new patients.
†MALT 4 mucosa-associated lymphoid tissue.
‡One patient in the group previously described was reported as having a partial remission, but this patient developed a complete remission after 17 months of

follow-up.
§See (9)for information on staging system.
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tients who achieved complete remission,
four local relapses, which were of low-
grade, have been observed (174, 198, 399,
and 481 days after reaching complete re-
mission). A fifth patient developed a
high-grade lymphoma in the nasal cavity
(128 days after achieving complete remis-

sion). All but one of the patients with a
local relapse wereH. pylori negative at
the time of relapse. The median time of
continuous complete remission for the 40
patients was 15.4 months (468 days;
range, 0–1198 days). No failures have
been noted after a continuous complete

remission of 500 days, with nine patients
being followed for more than 2 years
without relapse (Fig. 1). Within the group
of 40 patients in complete remission, two
have died of cardiovascular causes (53
and 68 years of age).

We also addressed the question of
whether the high-grade nasal lymphoma
was clonally related to the original MALT
lymphoma of the stomach. DNA se-
quence analysis of the CDR3 region in
the rearranged immunoglobulin heavy-
chain genes demonstrated that the high-
grade lymphoma was not related to the
original low-grade gastric MALT lym-
phoma (Fig. 2).

In regard to the four patients with par-
tial remissions, three were finally referred
for gastrectomies. In all three patients,
histologic analysis revealed low-grade
lymphoma. These patients have been fol-
lowed for 307, 490, and 1137 days, and
no relapse has been observed thus far. The
fourth patient (84 years old) died of a
stroke while in partial remission of her
lymphoma.

Among the six patients not responding
to the cure ofH. pylori infection, four
were referred for surgery (gastrectomy, n
4 3; subtotal resection, n4 1). In all
four patients, histologic analysis revealed
high-grade lymphoma in deeper mucosal
areas. These high-grade components had
not been previously noted in gastric bi-
opsy specimens. Immunohistochemical
analysis showed a high-grade B-cell lym-

Fig. 1. Duration of complete remission in 40 patients with low-grade gastric MALT (mucosa-associated
lymphoid tissue) lymphomas who achieved complete remission after eradication ofHelicobacter pylori
infection. Remission duration was calculated from the first day of complete remission. Four local relapses
and one distant lymphoma have been observed thus far. In addition, two patients died in complete remission,
and these deaths were treated as ‘‘events’’ in this analysis. Continuous complete remission was calculated
by use of the Kaplan–Meier method. Censoring events are displayed as circles. The numbers of patients at
risk at given time points (days) are displayed below the plot.

Fig. 2. Comparison of rearranged immuno-
globulin heavy-chain variable-region (VH)
gene sequences obtained from the primary
gastr ic low-grade MALT (mucosa-
associated lymphoid tissue) lymphoma and a
high-grade lymphoma of the nasal cavity
(lymphoma relapse concha nasalis), which
was found during follow-up, of a single pa-
tient. Monoclonal polymerase chain reaction
(PCR) products spanning the CDR3 region
were cloned and sequenced as outlined in the
‘‘Patients, Materials, and Methods’’ section.
In A), DNA sequences are compared with
the published sequences of the germline D
and JH genes. Sequence identity is indicated
by dashes; nucleotides that differ from the
germline sequences are indicated by dots. As
shown, the gastric lymphoma was derived
from a D21–05-DIR3-JH4 rearrangement,
whereas the lymphoma of the nasal cavity
showed highest homology with an XP‘1-M2-JH1 rearrangement. To study VH-
chain gene usage, clone-specific oligonucleotides were generated on the basis of
the unique CDR3 rearrangements (underlined in A) and used in PCR with a
consensus primer for framework region 1 (FR1)(23). In B), deduced amino acid
sequences from the VH-chain gene sequences are compared with the published
sequences of germline VH alleles. Sequence identity is indicated

by dashes; amino acid substitutions are shown in uppercase letters; lowercase
letters indicate DNA sequence changes that do not result in an amino acid
replacement. In the gastric lymphoma, a VH1 (DP-10) rearrangement was found,
whereas the lymphoma of the nasal cavity contained a VH4-family allele
(HUMIGHC). In the gastric biopsy specimens, no amplification product was
generated with the clone specific oligonucleotide for the high-grade lymphoma.
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phoma in three of the patients and a high-
grade T-cell lymphoma in one. In three of
the patients, surgery revealed stage EII
disease. Two of the patients referred for
surgery died (3 and 5.5 months after sur-
gery), whereas the remaining two are in
continuous complete remission. One of
the six patients not responding to the cure
of H. pylori infection was treated with
five cycles of chemotherapy (CHOP regi-
men: 750 mg/m2 cyclophosphamide, 50
mg/m2 doxorubicin, 2 mg vincristine, and
100 mg oral prednisone for 5 days every
21 days). This patient is in continuous
complete remission 618 days after diag-
nosis. The sixth patient not responding to
the cure ofH. pylori infection refused to
receive any further therapy. The micro-
scopic analysis on his gastric specimens
still revealed low-grade lymphoma at 31
months after diagnosis. Fig. 3 shows the
overall survival for all 50 patients.

Molecular Studies of Immunoglobulin
VH Gene Rearrangements

A molecular analysis could be per-
formed successfully at diagnosis for 48 of
the 50 patients. Monoclonal bands (evi-
dence of clonal B cells) were detected in
38 (79%) of the 48 patients.

We wanted to know whether PCR
could be used as an assay for ‘‘molecular
remission’’ in low-grade gastric MALT

lymphoma. Among the 40 patients in
complete remission, six patients presented
with polyclonal bands, 32 presented with
monoclonal bands, and two could not be
investigated at all. The lack of monoclo-
nal bands in the six patients just men-
tioned likely reflects technical problems,
since it is known that PCR detects mono-
clonality only in about 80%–90% of the
patients with MALT lymphoma(11).
Thirty-one of the 32 patients with mono-
clonal bands at presentation were investi-
gated during follow-up. Twenty-two
(71%) of the 31 patients displayed mono-
clonal bands continuously during follow-
up, although microscopic analysis did not
reveal any evidence of remaining lym-
phoma. The eight patients with the long-
est molecular follow-up among the 22
patients with ongoing PCR positivity
were followed for a median time of 11
months after achieving complete remis-
sion (range, 6–23 months). In contrast,
nine (29%) of the 31 patients who ex-
hibited monoclonal bands at presenta-
tion and were followed molecularly even-
tually displayed polyclonal states during
follow-up.

Discussion

Several clinical studies and case re-
ports have shown that cure ofH. pylori

infection is associated with complete re-
mission in a high proportion of patients
with low-grade gastric MALT lympho-
mas of limited stage. Overall, complete
response rates of approximately 80%
have been reported(6–8). However, the
studies published to date have not de-
scribed findings on the duration of the re-
missions. Our study is a follow-up inves-
tigation of a study that was published
previously (7). For the first 50 patients
enrolled in this ongoing study, the median
follow-up time is 24 months. As reported
in other investigations, complete remis-
sions were obtained in 80% of the pa-
tients. Follow-up of the patients in com-
plete remission is in the same range as
that for the whole group of patients (23
months).

One question raised in the context of
the treatment approach used is whether
the cure ofH. pylori infection yields a
cure of this type of MALT lymphoma.
Our study shows that most patients who
achieve a complete remission do not re-
lapse within a short period of time. How-
ever, since low-grade lymphomas have a
slow proliferation rate, a follow-up time
of 2 years is too short to draw any con-
clusions as to whether the patients treated
with this strategy may indeed be cured of
their low-grade lymphomas. A longer fol-
low-up period is needed to answer this
question.

Thus far, four local relapses and one
distant event have been observed. In the
case of the distant lymphoma, a high-
grade MALT lymphoma of the nasal cav-
ity was detected, which, by DNA se-
quence analysis, was not related to the
original gastric low-grade MALT lym-
phoma clone. In the four cases with local
relapses, three of the patients wereH. py-
lori negative at relapse. Thus, relapses
may occur without evidence of reinfec-
tion. It has been reported(13) that low-
grade gastric MALT lymphomas can be
observed inH. pylori-negative patients.
Epidemiologic studies, however, show
that low-grade gastric MALT lymphomas
have a higher incidence inH. pylori-
positive patients, and evidence exists that
more than 90% of all low-grade gastric
MALT lymphomas are observed in a
background ofH. pylori-induced gastritis
(5,14,15).How then can one explain the
finding thatH. pylori is probably not nec-
essary for these lymphomas to relapse?

Fig. 3. Cumulative survival analysis for 50 patients with low-grade gastric MALT (mucosa-associated
lymphoid tissue) lymphomas who were subjected to a dual antibiotic eradication therapy for infection with
Helicobacter pylori.A Kaplan–Meier analysis was performed for all 50 patients in the study. Censoring
events are indicated by circles.Seethe text and Table 1 for a detailed description of the patients. The numbers
of patients at risk at given time points (days) are displayed below the plot.
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At the beginning of an early gastric
MALT B-cell lymphoma, the tumor cells
are still dependent on T-cell helper sig-
nals, whereas, later in the process of
clonal evolution, T-cell help may not be
necessary. Since T cells are needed for
early low-grade gastric B-cell lymphoma
clones to proliferate(16,17),clonal evo-
lution may eventually enable B-cell
clones to proliferate withoutH. pylori in-
fection being present. The relapses may
thus indicate that the patients had B-cell
lymphomas that had evolved from B-cell
clones that were already further pro-
gressed when the cure ofH. pylori infec-
tion had been performed. Host factors
may also play a crucial role in the pro-
gression of individual B-cell clones. This
possibility is suggested by data from se-
quencing experiments indicating that, in
more than 80% of all gastric MALT lym-
phomas, VH alleles known from autoim-
mune states were used by the lymphoma
cells (Thiede C, Alpen B, Bayerdo¨rffer E,
Schmidt M, Morgner A, Ritter M, et al.:
unpublished results).H. pylori may thus
drive an autoimmune process in a respon-
sive host that finally results in the evolu-
tion of a low-grade MALT lymphoma. At
an early stage, the lymphoma may need
T-cell signals to survive; however, once
genetic damage has progressed to a cer-
tain stage, eradication ofH. pylori may be
without a clinical effect.

Eradication of the T-cell stimulus, i.e.,
H. pylori, could therefore be seen as a
‘‘switch’’ to indicate how far the B-cell
clonal evolution has progressed. This pos-
sibility is further underscored by other
data obtained from our study: In the pa-
tients in whom no response was seen after
the cure of theH. pylori infection, four
patients were referred for surgery. In all
four patients, a high-grade lymphoma was
detected in deeper mucosal areas. The
high-grade lymphoma had not been pre-
viously detected in the gastric biopsy
specimens. This observation also supports
the idea that a clonal evolution may take
place; in the beginning, the low-grade B-
cell clone is still dependent on T-cell help
(and thus susceptible to eradication
therapy); then, a low-grade B-cell clone
evolves that may not depend on T-cell
help; and, finally, a high-grade B-cell
clone can be found. In keeping with this
scenario, we and others(18,19)have re-
cently found that, in some patients with
H. pylori infection, monoclonal B cells

may be detected in the stomach in the
absence of any pathohistologic signs of
MALT lymphoma. In conclusion, gastric
MALT lymphomas may be seen as an-
other model system for tumor evolution in
addition to colon cancer or chronic my-
elogenous leukemia(20–22).

One observation, which has also been
made by others, is that the remission of
low-grade gastric MALT lymphomas
may take some time after the cure ofH.
pylori infection, unlike the situation with
chemotherapy or radiotherapy. This find-
ing is consistent with the idea that these
B-cell lymphomas must get a ‘‘death’’
signal that is probably mediated by other
cells, e.g., specific T cells responding to
bacterial antigens/superantigens(16,17).
In our study, several patients achieved
complete remission after a period of 6
months. However, the median time to
reach a complete remission from the start
of therapy was 5.5 months. It is important
to note that even the patients who
achieved a complete remission very late
showed some signs of regression, either
endoscopically or histologically, before
complete remission was obtained. Pa-
tients not showing any signs of regression
may, as indicated by the four patients re-
ferred for surgery, harbor high-grade lym-
phomas. How should patients with low-
grade gastric MALT lymphomas be
treated? One approach would be first to
cure the patients with stage EI low-grade
gastric MALT lymphomas ofH. pylori
infection and then to examine them every
4 weeks. In the event that no response is
seen after two or three consecutive exami-
nations, either radiotherapy or surgery
would be indicated. Whenever there is
evidence for transformation into high-
grade lymphomas, chemotherapy (e.g.,
the CHOP regimen) may be given. Since
eradication treatment ofH. pylori infec-
tion should still be considered as investi-
gational, this kind of therapy should not
be performed outside of clinical trials.

In addition to clinical and histologic
follow-up, we also performed molecular
studies of the rearranged VH-gene se-
quences by means of PCR. These inves-
tigations showed that, using this sensitive
approach for monoclonal B-cell detection,
most patients remained monoclonal after
the cure ofH. pylori infection and com-
plete remission of the lymphoma. It is un-
clear at the present time whether the B
cells giving rise to the monoclonal bands

represent clonal cells belonging to the
‘‘malignant’’ clone or whether they may
be so-called ‘‘memory’’ B cells. We are
currently investigating this question by
means of more detailed molecular studies.
Since the ‘‘gold’’ standard in the manage-
ment of these lymphomas is still histol-
ogy, we do not know what a monoclonal
PCR result really means. Do the patients
with monoclonal PCR bands harbor a
higher probability of having a relapse of
their disease? Three of the four patients
with a local relapse, who were monoclo-
nal at diagnosis, were monoclonal before
the relapse was detected. At present, how-
ever, PCR cannot replace histology, since
in other studies(18,19) no lymphomas
have been detected, even though PCR in-
dicated the presence of monoclonal cells.

In summary, this study shows that
long-lasting remissions can be observed
after the cure ofH. pylori infection in pa-
tients with low-grade gastric MALT lym-
phomas of limited stage. Whether the cure
of disease is achieved through use of this
novel approach in the treatment of gastric
MALT lymphomas, however, is still open
to question, since longer follow-up inves-
tigations are needed. Thus, infection with
H. pylori plays an important role in the
genesis of this disease, although it may
not be the only causal factor.
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Background: For women with ductal
carcinoma in situ (DCIS) of the breast
who have been treated with breast-
conserving surgery, the usefulness of
size and surgical margin status (i.e.,
presence or absence of disease at the
point of excision) as prognostic factors
for predicting residual disease has not
been well established. This study was
conducted to determine more clearly
the relationship between size and mar-
gin status of mammary DCIS to re-
sidual disease.Methods:The pathology
records of 232 consecutive patients
with mammary DCIS who had been
initially treated with lumpectomy at the
University Hospitals of Cleveland were
retrospectively reviewed. The size of the
DCIS and the surgical margins of lump-
ectomy were analyzed. Residual disease
was defined as the persistence of DCIS in
the re-excision and/or mastectomy speci-
mens. Results: Residual disease was
found in 15 of 101 patients with DCIS of
less than 1.0 cm in longest dimension, in
27 of 96 patients with DCIS of 1.0–2.4 cm
in size, and in 24 of 35 patients with
DCIS of greater than or equal to 2.5 cm
in size (P<.001). Residual disease was
found in 30 of 77 patients with DCIS and
positive margins, in 11 of 59 patients with
DCIS and close margins (<1 mm), and
in 10 of 73 patients with DCIS and nega-
tive margins (>1 mm) (P = .001). In mul-
tivariate analysis, the occurrence of re-
sidual disease was associated with large
tumor size (i.e., >2.5 cm) (odds ratio
[OR] = 7.7; 95% confidence interval [CI]
= 3.13–20.00; two-sidedP = .0001) and
with positive margin status (OR = 2.2;
95% CI = 1.02–4.55; two-sidedP = .04).
Conclusions:The size and margin status
of DCIS each were found to be indepen-
dent predictors of residual disease. [J
Natl Cancer Inst 1997;89:1356–60]

Ductal carcinomain situ (DCIS) of the
breast is being diagnosed with increasing
frequency in recent years, primarily be-
cause of early detection efforts and the
use of screening mammography. It has
been estimated that 23 000 new cases of
DCIS are diagnosed annually in the
United States(1), accounting for approxi-
mately one third of all mammographically
detected breast cancers(2–4).Breast pres-
ervation has become an increasingly
popular treatment option for many pa-
tients with breast cancer(1), despite the
increased risk of local failure compared
with mastectomy(5–8). This situation
emphasizes the importance of identifying
a subset of breast cancer patients who are
at high risk for disease recurrence following
conservative therapy, as ablative surgery re-
mains an appropriate therapy for certain pa-
tients at high risk for local failure.

Residual disease is an important factor
in local failure of treatment/recurrence of
disease following conservative therapy
for DCIS of the breast(8,9).The ability to
predict patients who are at high risk for
residual disease/recurrence helps to deter-
mine treatment options. The role of bi-
opsy margin status and tumor size as pre-
dictors of residual disease/recurrence in
invasive breast carcinoma is well estab-
lished (9–15).However, the relevance of
the size of mammary DCIS and the mar-
gin status of lumpectomy specimens is
uncertain(16).

In this study, we report the relationship
between the size of DCIS and the margin
status of lumpectomy specimens and re-
sidual disease in subsequent re-excision
or mastectomy specimens from 232 pa-
tients.

Patients and Methods

Patients.Two hundred thirty-two consecutive pa-
tients who had been diagnosed with mammary DCIS
at University Hospitals of Cleveland and Case West-
ern Reserve University during the period from Janu-
ary 1980 through December 1993 were studied. The
criteria for inclusion in the study were as follows: 1)
The patient had a mammary DCIS on an excisional
biopsy/lumpectomy, 2) the histologic slides were
available for review, and 3) follow-up information
was available. Clinical information and follow-up
data were obtained from medical records and the
tumor registry of the Ireland Cancer Center of
the University Hospitals of Cleveland. Of the 232
patients, 166 (72%) presented with a mammo-
graphic abnormality detected on routine mammo-
grams, 51 (22%) presented with a palpable mass,
and the remaining 15 (6%) presented with other

symptoms, including, among others, nipple dis-
charge, cosmetic surgery, Paget’s disease of the
nipple, nipple retraction, and pigmentation. The pa-
tients ranged in age from 18 to 87 years (median,
59 years). The ratio of blacks to whites was 1:3.7.
Patient follow-up ranged from 3 months to 171
months (median, 45 months). All patients initially
underwent lumpectomy. Ninety patients (39%)
subsequently underwent mastectomy, and 142 pa-
tients (61%) were treated with breast-conserving
surgery (lumpectomy with or without re-excision).
Among the 142 patients who were treated with
breast-conserving surgery, 58 (41%) had re-
excision, 16 (11%) received radiation therapy fol-
lowing the initial lumpectomy, and the remaining 68
(48%) did not receive any other treatment (lumpec-
tomy only).

Histologic evaluation.To process the tissue, we
painted the entire external surface of the specimen
with India ink and then serially sectioned the tissue
perpendicular to the long axis of the specimen at
3-mm intervals. The sections were fixed in 10% for-
malin, embedded in paraffin, cut at 3mm, and
stained with hematoxylin–eosin. The specimens
ranged from 1.3 to 18 cm in largest dimension (me-
dian size, 6.0 cm). Of the 232 specimens, 167 (72%)
were embedded entirely for histologic examination.
A diagram designating the sections submitted for
histologic examination was available for 86 biopsy
specimens. The mean number of slides reviewed
from each biopsy was 14 (range, 2–55; median, 13).
The margin status was evaluated microscopically. A
positive margin was defined as tumor extending to
or transected by the inked margin (Fig. 1, A); a close
margin was defined as tumor less than or equal to 1
mm from the inked margins, but not transected by
the inked margin (Fig. 1, B); a negative margin was
defined as tumor greater than 1 mm from the inked
margins. The margin was considered indeterminate
when the biopsy specimen was not inked or the tis-
sue was fragmented. The size of DCIS was deter-
mined by microscopic measurement of the largest
two dimensions from the glass slide, combined with
diagrammatic mapping of the lumpectomy speci-
men. The third dimension of DCIS, in cases where a
diagram was not available, was calculated by mul-
tiplying the number of sections containing DCIS by
the thickness of the section, which was estimated to
be 0.3 cm. For those specimens for which the dia-
grams were available, the third dimension of tumor
size was determined by studying the distribution of
DCIS in the biopsy specimen by use of the diagram-
matic mapping. This technique of size measurement
has been used by several staff pathologists in our
department since 1987 and yields reproducible re-
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sults with interobserver variability of less than 10%.
The largest dimension of DCIS was used in the final
analysis. Residual disease was defined as the persis-
tence of DCIS in the re-excision and/or mastectomy
specimens.

Statistical analysis.The relationship between re-
sidual disease (04 absent; 14 present) and several
clinicopathologic characteristics was examined. The
chi-squared test was utilized to describe the associa-
tion of residual disease with tumor characteristics.
The odds ratio (OR) and its 95% confidence interval
(CI) for the relationship of residual disease to the
clinical presentation (04 palpable mass; 14 mam-
mographic detection), race (04 white; 14 black),
age, size (0 to <2.5 cm; 1 toù2.5 cm), and margin
status (04 negative or close margins; 14 positive
margins) were also utilized. Significance levels for
ORs were evaluated by use of the Wald-P chi-
squared statistic. An OR with a 95% CI that does not
include 1 denotes a statistically significant relation-
ship. Multivariate analysis of the relationship of re-
sidual disease and other clinicopathologic features
was performed by use of logistic regression.

Results

Residual disease was present in a total
of 66 (28%) of 232 cases. Residual DCIS
was observed at the previous excision site
in the majority of patients for whom these
data were available. The mean length of

the largest dimension of DCIS was 1.4 cm
(range, 0.3–5.4 cm). Residual disease was
found in 15 (15%) of 101 DCIS lesions
that were less than 1.0 cm in longest di-
mension, 27 (28%) of 96 lesions that were
1.0–2.4 cm in size, and 24 (69%) of 35
lesions that were greater than or equal to
2.5 cm in size (P<.001) (Table 1). The
margins were positive in 77 (37%) pa-
tients, close in 59 (28%) patients, and
negative in 73 (35%) patients. The margin
status in the remaining 23 patients (all di-
agnosed prior to 1985) was indeterminate
or unknown. Residual disease was found
in 15 (65%) of 23 of these patients.
Among patients with known margin sta-
tus, residual disease was found in 30
(39%) of 77 patients who had DCIS with
positive margins, 11 (19%) of 59 patients
who had DCIS with close margins, and 10
(14%) of 73 patients who had DCIS with
negative margins (Table 1). The increase
in the patient’s risk of residual disease
when the margins were positive for DCIS
was statistically significant (overallP 4
.001). The presence of close margins in
biopsy specimens was associated with a

slightly higher but not a statistically sig-
nificant increase in risk of residual dis-
ease (19% versus 14% for negative mar-
gins,P>.3). Residual disease increased in
frequency with increasing tumor size
(Fig. 2, A). In addition, tumor size corre-
lated significantly with margin status
(Fig. 2, B). Seventy-seven percent of pa-
tients with DCIS of greater than or equal
to 2.5 cm in size had positive margins at
initial biopsy versus 30% of patients with
DCIS of less than 2.5 cm (P<.001).

In the multivariate analysis, the finding
of residual disease was significantly asso-
ciated with large size of DCIS (P 4
.0001) and positive margins (P 4 .04).
Patients with DCIS of greater than or
equal to 2.5 cm in size had an OR of 7.7
(95% CI 4 3.13–20.00) for residual dis-
ease compared with patients with DCIS of
less than 2.5 cm. If we control for the size
of DCIS, patients with positive margins in
lumpectomy specimens had an OR for
risk of residual disease of 2.2 (95% CI4
1.02–4.55) compared with those with
negative or close margins. Fig. 3 illus-
trates that 29 (46%) of 63 patients with
DCIS of greater than or equal to 1.0 cm
with positive margins had residual disease
compared with eight (23%) of 35 patients
with DCIS of greater than or equal to 1.0
cm with close margins and five (26%) of
19 patients with DCIS of greater than or
equal to 1.0 cm with negative margins.
Among patients with small DCIS (<1.0
cm), residual disease was found in two
(14%) of 14 patients with positive mar-
gins, in two (8%) of 24 patients with close
margins, and in three (5%) of 54 patients
with negative margins. Age, race (black
versus white), and clinical presentations
(palpable mass versus mass detected
mammographically) were not signifi-

Fig. 1. Histologic evaluation of margin
status of breast biopsy specimens of duc-
tal carcinomain situ.A) Positive margin,
ink on tumor cells.B) Close margin, tu-
mor ø1 mm from inked margin.

Table 1. Association of histologic size and margin status of mammary ductal carcinomain situ with
residual disease

No. of
patients

Residual disease

P*Present Absent

Tumor size, cm
<1.0 101 15 (15%) 86 (85%)
1.0–2.4 96 27 (28%) 69 (72%)
ù2.5 35 24 (69%) 11 (31%) <.001

Margin status†
Negative 73 10 (14%) 63 (86%)
Close 59 11 (19%) 48 (81%)
Positive 77 30 (39%) 47 (61%) .001

*Two-sidedP value was obtained by chi-squared test.
†A positive margin was defined as tumor extending to the inked margins; a close margin is tumorø1 mm

from the inked margins; a negative margin is tumor >1 mm from the inked margins.
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cantly associated with residual disease in
the multivariate analysis.

Local recurrence of disease was seen
in 10 (7%) of 142 patients during a mean
follow-up period of 49 months. All of
these 142 patients were initially treated
conservatively with lumpectomy with or
without re-excision. The mean interval
from lumpectomy to recurrence was 77
months (range, 29–165 months; median,
67 months). Four of these patients had
positive margins in the lumpectomy
specimen, and three had close margins.
The tumors ranged in size from 0.4 to 4.0
cm (mean, 2.0 cm). Half of these recur-
rences were invasive carcinomas. None of
the patients who had mastectomy follow-
ing lumpectomy developed local recur-
rence. Six patients died during the period
of the study (four from lung cancer, one
from congestive heart failure, and one
from contralateral breast cancer).

Discussion

DCIS of the breast is a heterogeneous
group of lesions with a wide spectrum of
clinical and pathologic manifestations
(2,17–21). The optimal treatment for
DCIS is still controversial. The ultimate
outcome of breast perservation in the
treatment of DCIS is largely unknown.
Multiple factors have to be considered
when one is deciding upon the optimal
treatment for a particular patient with
mammary DCIS. It is evident that a sub-
group of patients is at higher risk of local
failure after breast-conserving surgery.
Factors contributing to local failure are
important considerations in selecting the
appropriate therapeutic approach for
mammary DCIS. Additional therapy such
as postoperative radiation treatment or
mastectomy may benefit patients who are
at high risk for local failure.

Three-dimensional imaging of DCIS
provides an accurate evaluation of the ex-
tent of DCIS in the mammary ducts(22).
This technique, however, is difficult to
apply to routinely processed surgical
specimens. Since most DCIS lesions can-
not be identified grossly with certainty,
assessment of the extent of DCIS in rou-
tinely processed breast biopsy specimens
is feasible utilizing the diagrammatic
mapping of biopsy specimens. Our find-
ings indicate that measurement of the
DCIS size from the histologic slides in
conjunction with margin status evaluation
provides an accurate assessment of risk of
residual disease. Lesions smaller than 1.0
cm in the longest dimension, accounting
for 44% (101 of 232) of the patients with
mammary DCIS in this study, had no re-
sidual DCIS following lumpectomy when
the margins were free of DCIS. Patients
with DCIS lesions that were greater than
or equal to 2.5 cm in longest dimension
had the highest risk of residual disease
regardless of margin status. Patients with
DCIS size between 1.0 and 2.4 cm in larg-
est dimension had 28% risk of residual
disease. The ability to predict residual dis-
ease is greatly improved by assessing the
margin status in these patients. Thirty
(39%) of 77 patients with positive mar-
gins had local failure versus 11 (19%) of
59 patients with close margins and 10
(14%) of 73 patients with negative mar-
gins. After we controlled for the tumor
size, patients with positive margins had
approximately twice the risk of residual
disease than patients with negative or
close margins. The risk of residual disease
was higher in patients with positive mar-
gins than in patients with close margins
(39% versus 19%), whereas there was
only a marginal increase in risk of re-
sidual disease in patients with close mar-

Fig. 2. Association of size of
mammary ductal carcinoma
in situ with residual disease
(A) and margin status(B). Pa-
tients with indeterminate mar-
gins are not included inB. (n
4 number of cases).

Fig. 3. Relationship be-
tween margin status of
breast biopsy specimens of
ductal carcinomain situ
(DCIS) and residual disease
in subsequent re-excision/
mastectomy specimens af-
ter controlling for the size
of DCIS.
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gins compared with those with negative
margins. The risk of residual disease in
patients with close margins was only
slightly higher than that in patients with
negative margins (19% versus 14%,
P>.3). In addition, there was a significant
(P<.0001) association between the extent
of DCIS and positive margin status. At
initial biopsy, 77% of large tumors (ù2.5
cm) had positive surgical margins. Be-
cause of the small number of patients who
received radiation therapy following
lumpectomy, the role of adjuvant radia-
tion therapy as a treatment modality can-
not be assessed in this study.

Our findings support the important role
of margin status assessment in local dis-
ease control in patients treated conserva-
tively. Negative margins, however, will
not guarantee complete excision of the
DCIS, and local recurrence can still oc-
cur. A high percentage of patients had lo-
cal recurrence of disease because of re-
sidual disease even when the margins of
lumpectomy were clear(16,23–25).Ad-
ditional risk factors, such as tumor size,
should be considered in the assessment of
risk of residual disease in patients treated
with breast-conserving surgery. Our data
indicate that both margin status and size
of DCIS are important considerations in
stratification of patients for different
therapeutic options. The combination of
DCIS size and surgical margin status
identified a subgroup of patients with in-
creased risk of local failure. More aggres-
sive treatment may be appropriate in such
patients. At present, there is general
agreement on what constitutes a clear
margin for invasive breast carcinomas
(11). It is not clear, however, what con-
stitutes a clear surgical margin for DCIS.
Our study arbitrarily uses 1 mm as a clear
margin for DCIS. Faverly et al.(22) have
demonstrated skip lesions (i.e., areas of
DCIS with intervening normal breast ep-
ithelial tissue) in low-grade DCIS. In ad-
dition, depending on the plane of section-
ing, the distance between any two
branches of the same duct involved by
DCIS can exceed the distance designated
as a clear margin. Therefore, residual
DCIS may remain in the patient’s breast
after surgery even when the “clear mar-
gin” exceeds 10 mm. The DCIS observed
in the re-excision most likely represents
DCIS that was incompletely removed by
the initial excision rather than multicen-
tric/multifocal DCIS or recurrent disease.

This hypothesis is supported by our find-
ings and the findings of Silverstein et al.
(23) who reported residual DCIS in the
immediate vicinity of the previous bi-
opsy/excision site in the majority of cases.
Clearly, as Silverstein et al.(25)elegantly
demonstrated, histopathologic features
such as nuclear grade and presence of
comedo-type necrosis are important prog-
nostic factors that can influence the rate
of recurrence of DCIS(25). Some evi-
dence exists that these histopathologic
features are not independent prognostic
factors but rather that they define subsets
of DCIS having different histopathologic,
clinical, molecular, and biologic features
(9,25). Further studies are necessary to
clearly characterize these subsets of
DCIS.

In summary, the size and the margin
status of mammary DCIS are each inde-
pendent, statistically significant factors
predicting local failure. Small DCIS tu-
mors (<1.0 cm) with negative margins
carry a low risk of local failure and can be
treated conservatively with lumpectomy.
Large DCIS tumors (ù2.5 cm) pose a par-
ticular risk of residual disease regardless
of margin status, and additional adjuvant
therapy may be necessary.
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Background: Diabetes has been associ-
ated with an increased risk of several
cancers, notably cancers of the pan-
creas, liver, endometrium, and kidney.
Since most previous studies have in-
volved a limited sample size or focused
on specific cancer sites, we conducted
a comprehensive assessment of the risk
of cancer in a nationwide cohort of
diabetics in Denmark. Methods: Dis-
charge records of 109 581 individuals
hospitalized with a diagnosis of diabe-
tes from 1977 through 1989 were linked
with national cancer registry records
through 1993. Standardized incidence
ratios (SIRs) were calculated for spe-
cific cancer sites.Results:The SIRs for
primary liver cancer were 4.0 (95%
confidence interval [CI] = 3.5–4.6) in
males and 2.1 (95% CI = 1.6–2.7) in
females. These SIRs remained elevated
with increasing years of follow-up and
after exclusion of patients with re-
ported risk factors (e.g., cirrhosis and
hepatitis) or patients whose cancers
were diagnosed at autopsy. Kidney can-
cer risk was also elevated, with SIRs of
1.4 (95% CI = 1.2–1.6) in males and 1.7
(95% CI = 1.4–1.9) in females. For both
sexes combined, the SIR for pancreatic
cancer was 2.1 (95% CI = 1.9–2.4), with
a follow-up time of 1–4 years; this SIR
declined to 1.3 (95% CI = 1.1–1.6) after
5–9 years of follow-up. Excess risks
were also observed for biliary tract and
endometrial cancers. The SIRs for kid-
ney and endometrial cancers declined
somewhat after exclusion of diabetics
with reported obesity. Conclusions:Pa-
tients hospitalized with a diagnosis of
diabetes appear to be at higher risk of
developing cancers of the liver, biliary
tract, pancreas, endometrium, and kid-

ney. The elevated risks of endometrial
and kidney cancers, however, may be
confounded by obesity. [J Natl Cancer
Inst 1997;89:1360–5]

Diabetes mellitus is a metabolic dis-
ease of two major subtypes that is char-
acterized by abnormalities in the synthe-
sis and cellular uptake of insulin, a critical
hormonal regulator of glucose metabo-
lism. In insulin-dependent diabetes melli-
tus (IDDM), insulin synthesis ceases as a
result of the autoimmune destruction of
insulin-producing pancreatic islet cells,
which is thought to be triggered by an
environmental factor (i.e., viral infection)
primarily in individuals who are positive
for the histocompatibility antigens HLA-
DR3 and/or HLA-DR4(1). In noninsulin
dependent diabetes mellitus (NIDDM),
pancreatic islet cells continue to secrete
insulin, but target tissues (e.g., muscle
and liver) are resistant to its uptake and
use because of a decrease in the number
of insulin receptors, alterations in
postreceptor function, or the presence of
blocking antibodies.

Elevated risks have been reported in
diabetics for several cancers, notably can-
cers of the pancreas(2,3), liver (4–8),en-
dometrium(5,8), and kidney(5,9). Most
previous studies of cancer risk in diabet-
ics have been based on a limited sample
size, or they have focused on population
subgroups or specific cancer sites. This
study provides a comprehensive assess-
ment of multiple cancer sites in a large,
population-based cohort of diabetics and
was undertaken by linking computerized
records from nationwide hospital and can-
cer registries in Denmark.
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Methods
The cohort was established by identifying all

males and females in the Danish Central Hospital
Discharge Register who were hospitalized with dia-
betes as a primary or a secondary diagnosis during
the years 1977 through 1989. From 1977 through
1986, these individuals were identified by Interna-
tional Classification of Diseases [ICD]-8 code 250
for diabetes(10), and, from 1987 through 1989, by
revised codes from the Danish National Board of
Health that distinguished IDDM and NIDDM. The
cohort entry date was defined as the first day of the
month after the initial hospital discharge in which
diabetes was identified.

Of the 117 689 diabetics initially identified, 8106
were excluded from the cohort because they died
during the brief interval between hospital admission
and the cohort entry date, while an additional two
individuals were excluded because of questionable
age data, leaving a total of 109 581 diabetics for
inclusion in the cohort. Estimates of cancer risk in
the cohort exclude the 2222 cancers (and corre-
sponding 97 267 person-years) diagnosed during the
first year of follow-up, which were assumed to be
prevalent at cohort entry and possibly diagnosed as
a result of clinical evaluation for diabetes. However,
the subjects with these 2222 cancers were retained in
the analysis because they remained at risk of devel-
oping another primary cancer and national incidence
rates in Denmark include multiple primaries.

To ascertain cancer incidence in the cohort, com-
puterized hospital discharge records were linked to
the Danish Cancer Registry by use of a personal
identification number assigned to all Danish citi-
zens. The total number of incident cancers observed
during the follow-up period was 11 053. The cohort
exit date was defined as either the date of death or
December 31, 1993. Additional information was ob-
tained from the Hospital Discharge Register on up to
20 medical conditions reported at each admission
during the observation period. The Hospital Dis-
charge Register(11) and the Cancer Registry(12)
have reported a completeness of registration of more
than 97% for discharges and incidence of cervical
cancer.

Site-specific standardized incidence ratios (SIRs)
and 95% confidence intervals (CIs) were calculated
to compare the observed number of incident cancers
with the expected. The number of expected cancers
was generated by multiplying the number of person-
years in the cohort by the national cancer incidence
rates, specified for sex and 5-year-age and calendar
year categories. For individuals with multiple pri-
mary tumors (including second primaries of the
same site), each tumor was counted separately in the
analysis. Site-specific SIRs were also stratified on
the basis of sex, length of follow-up in years, dia-
betes type for those entering the cohort from 1987
through 1989, and whether or not the hospital re-
cords mentioned obesity, a confounding risk factor
for several cancers. Chi-squared tests(13)were used
to assess trends in risk estimates according to years
of follow-up. Primary liver cancer SIRs were further
stratified on the basis of the presence or absence of
cancer-associated medical conditions, and, along
with renal cell cancer, according to the inclusion or
exclusion of autopsy-diagnosed cases from both the
observed and the expected numbers.

To address concerns of selection bias arising from
the use of a hospitalized study population, SIRs

were stratified on the basis of diabetes diagnostic
order (i.e., whether diabetes was the sole or the pri-
mary hospital discharge diagnosis at cohort entry or
whether it was a secondary diagnosis). Presumably,
SIRs would be higher in the stratum with diabetes as
a secondary diagnosis if subjects were preferentially
selected into the cohort by virtue of having other
hospital diagnoses that predisposed to subsequent
cancer.

Results

After exclusion of ineligible subjects
and of cancers diagnosed within 1 year of
cohort entry, a total of 8831 incident can-
cers and 628 129 person-years were in-
cluded in the present analyses. Among the
19 363 cohort members accrued from
1987 through 1989 (17.7% of the total
cohort), when diabetes subtypes could be
differentiated by diagnostic codes, 15 495
(80%) were assigned a code for NIDDM
and 3868 (20%) were assigned a code for
IDDM. The overall median age at cohort
entry was 64 years in males (n4 54 571)
and 69 years in females (n4 55 010),
with 4.3% of the cohort entering prior to
the age of 20 years. The median age for

patients with NIDDM entering the cohort
from 1987 through 1989 was 69 years
compared with 51 years for patients with
IDDM. A total of 56.3% of the cohort
died during follow-up.

Sex-specific SIRs for major cancer
sites are shown in Table 1. Elevated risks
of digestive system cancers were ob-
served in both males and females. These
higher risks were primarily due to excess
liver, pancreatic, and biliary tract tumors.
Most notably, the SIR of primary liver
cancer was 4.0 (95% CI4 3.5–4.6) in
males and 2.1 (95% CI4 1.6–2.7) in fe-
males. Approximately 60% of these liver
cancers were hepatocellular carcinoma,
19% were cholangiocarcinoma, and 2.5%
were combined hepatocellular and chol-
angiocarcinoma, while the remainder
were primarily miscellaneous rare types
(1.5%), unspecified tumors (10%), or tu-
mors that were not histologically con-
firmed (7%). The histologic distribution
of primary liver cancers among diabetics
and the percentage of histologically con-
firmed tumors approximated that of the
tumor registry.

Table 1. Standardized incidence ratios (SIRs) of cancer in patients hospitalized with diabetes at cohort
entry, stratified according to sex (Denmark, 1977–1989)

Type of cancer
(ICD-7 code[s])*

Males Females

No. SIR 95% CI† No. SIR 95% CI

All cancers (140–205) 4666 1.1 1.1–1.1 4165 1.1 1.1–1.1
Mouth and pharynx (140–148) 118 1.2 1.0–1.4 54 1.2 0.9–1.6
Digestive organs (150–159) 1433 1.4 1.3–1.5 1206 1.2 1.2–1.3

Esophagus (150) 67 1.3 1.0–1.6 26 1.0 0.7–1.5
Stomach (151) 188 1.2 1.0–1.3 131 1.1 1.0–1.4
Small intestine (152) 14 1.3 0.7–2.2 12 1.3 0.7–2.2
Colon (153) 413 1.3 1.1–1.4 442 1.1 1.0–1.2
Rectum (154) 235 1.1 0.9–1.2 167 1.0 0.9–1.2
Liver (155.0) 190 4.0 3.5–4.6 68 2.1 1.6–2.7
Biliary tract (155.1–.3) 39 1.4 1.0–1.9 81 1.4 1.1–1.8
Pancreas (157) 206 1.7 1.5–2.0 211 1.6 1.4–1.9

Larynx (161) 61 1.0 0.8–1.3 5 0.5 0.2–1.1
Lung (162) 713 1.0 0.9–1.1 250 0.9 0.8–1.1
Breast (170) 7 1.1 0.4–2.2 777 1.1 1.1–1.2
Ovary (175) — — — 129 0.9 0.7–1.0
Corpus uteri (172) — — — 231 1.4 1.2–1.6
Cervix (171) — — — 92 0.9 0.7–1.1
Other female genital (176) — — — 61 1.5 1.2–2.0
Prostate (177) 505 0.9 0.8–1.0 — — —
Testis (178) 23 1.0 0.6–1.5 — — —
Kidney (180) 168 1.4 1.2–1.6 154 1.7 1.4–1.9
Bladder (181) 383 1.0 0.9–1.1 110 0.9 0.8–1.1
Melanoma (190) 61 1.0 0.7–1.2 77 1.0 0.8–1.3
Nonmelanoma skin (191) 613 1.0 0.9–1.1 461 0.9 0.8–0.9
Brain, nervous system (193) 80 1.1 0.9–1.4 79 1.1 0.8–1.3
Thyroid (194) 10 1.3 0.6–2.3 21 1.2 0.7–1.8
Endocrine (195) 5 1.4 0.5–3.4 0 0.0 0.0–1.4
Lymphatic and hematopoietic (200–205) 272 1.1 1.0–1.2 239 1.1 1.0–1.3
Lymphoma (200–202) 108 1.1 0.9–1.3 97 1.1 0.9–1.4
Multiple myeloma (203) 48 1.0 0.8–1.4 52 1.3 1.0–1.7
Leukemia (204) 116 1.1 0.9–1.3 90 1.1 0.9–1.4

*ICD-7 4 International Classification of Diseases, seventh revision(43).
†95% CI4 95% confidence interval.
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The SIR for pancreatic cancer in males
(1.7; 95% CI4 1.5–2.0) was similar to
the SIR in females (1.6; 95% CI4 1.4–
1.9). SIRs for biliary tract cancers were
1.4 (95% CI4 1.0–1.9) in males and 1.4
(95% CI4 1.1–1.8) in females. A modest
elevation was observed for colon cancer
in males (SIR4 1.3; 95% CI4 1.1–1.4).
Kidney cancer risk was elevated in both
males (SIR4 1.4; 95% CI4 1.2–1.6)
and females (SIR4 1.7; 95% CI4 1.4–
1.9). Endometrial cancer was also found
to occur in excess (SIR4 1.4; 95% CI4
1.2–1.6). Diabetics with reported obesity,
who constituted 12% of the cohort, had
somewhat higher SIRs for kidney (2.0;
95% CI4 1.5–2.6) and endometrial (2.0;
95% CI 4 1.6–2.6) cancers than those
without reported obesity (1.4; 95% CI4
1.3–1.6 and 1.2; 95% CI4 1.1–1.4, re-
spectively). The SIR of breast cancer in
females was 1.1 (95% CI4 1.1–1.2).

Given the broadly similar risk patterns
among males and females, the observed
numbers of cancers were pooled, and
SIRs were calculated stratifying on the
basis of age group at cohort entry (<50
years versus 50 years or more). In view of
the age differences for patients with
NIDDM versus IDDM entering the cohort
from 1987 through 1989, SIRs in the 50
years or more stratum were assumed to
reflect cancer risk in a population with
predominantly NIDDM, while SIRs in the
less than 50 years stratum were assumed
to represent cancer risk in a heteroge-
neous population with a comparatively
high percentage of patients with IDDM.
To further assess possible differences,
SIRs were calculated according to diabe-
tes subtype in the subset entering the co-
hort from 1987 through 1989.

Primary liver cancer was elevated
nearly fivefold in the less than 50 years
age-at-entry stratum and threefold in the
50 years or more stratum (Table 2). Pan-
creatic and kidney cancers were also el-
evated in both strata, although the 95% CI
in the less than 50 years stratum included
1.0 (Table 2). Significant elevations of
40%–50% were observed for biliary tract,
endometrial, and vulvar/vaginal (e.g.,
other female genital) cancers in the 50
years or more stratum, whereas cancers of
the mouth and pharynx and of the esopha-
gus were elevated twofold to threefold in
the less than 50 years stratum (Table 2).

On the basis of small numbers in the
subset entering the cohort from 1987

through 1989, SIRs were suggestive of an
elevated risk of liver, biliary tract, and
pancreatic cancers in patients with either
IDDM or NIDDM. In patients with
IDDM, the SIRs were 2.9 (95% CI4
0.6–8.4) for liver, 4.2 (95% CI4 1.1–
10.9) for biliary tract, and 3.5 (95% CI4
1.8–6.3) for pancreatic cancers. In pa-
tients with NIDDM, the SIRs were 3.1
(95% CI 4 2.0–4.7) for liver, 1.8 (95%
CI 4 0.9–1.3) for biliary tract, and 1.7
(95% CI 4 1.2–2.3) for pancreatic can-
cers. A marginal excess of cancers of
the mouth and pharynx (SIR4 1.5; 95%
CI 4 0.9–2.3) was also observed in pa-
tients with NIDDM.

Since hospitalization for diabetes or
diabetes-related conditions may have in-
creased the likelihood of detecting preva-
lent cancers, SIRs were stratified on the
number of follow-up years from cohort
entry to cancer diagnosis. Liver cancer
showed no trend of increasing or decreas-
ing risk with the length of follow-up for
either sex alone (Table 3) or both sexes
combined. In contrast, pancreatic cancer

SIRs decreased from 2.1 (95% CI4 1.9–
2.4) for a follow-up time of 1–4 years to
1.3 (95% CI4 1.1–1.6) for a follow-up
time of 5–9 years and 1.3 (95% CI4
0.9–1.7) for a follow-up time of 10 years
or more (two-sided test for trend;
P<.0001). The other cancer sites exam-
ined showed no significant variation in
risk with increasing time interval between
cohort entry and cancer diagnosis.

The potentially confounding effects of
coexisting medical conditions associated
with liver cancer were assessed by strati-
fying SIRs on the presence or absence of
the following diagnoses in hospital re-
cords: hepatitis, cirrhosis and other liver
disorders (ICD-8 codes 070 and 570–
573); alcohol dependence and other alco-
hol-related conditions (ICD-8 codes 291,
303, 577.1, and 980); cholelithiasis and
other disorders of the gallbladder and bil-
iary tract (ICD-8 codes 574–576); jaun-
dice (ICD-8 codes 283 and 785); obesity
(ICD-8 code 277); and hemochromatosis
(ICD-8 codes 273.2 and 279). Liver can-
cer SIRs were nearly four times higher in

Table 2. Standardized incidence ratios (SIRs) of cancer in patients hospitalized with diabetes at cohort
entry, stratified according to age at entry (Denmark, 1977–1989)

Type of cancer
(ICD-7 code[s])*

<50 years 50 years or more

No. SIR 95% CI† No. SIR 95% CI

All cancers (140–205) 660 1.1 1.0–1.2 8171 1.1 1.1–1.1
Mouth and pharynx (140–148) 30 1.8 1.2–2.6 142 1.1 0.9–1.3
Digestive organs (150–159) 135 1.7 1.4–2.0 2504 1.3 1.2–1.4

Esophagus (150) 17 3.3 1.9–5.3 76 1.0 0.8–1.3
Stomach (151) 16 1.4 0.8–2.3 303 1.1 1.0–1.3
Small intestine (152) 0 — — 26 1.4 0.9–2.0
Colon (153) 36 1.3 0.9–1.8 819 1.2 1.1–1.2
Rectum (154) 21 1.2 0.8–1.9 381 1.0 0.9–1.1
Liver (155.0) 17 4.8 2.8–7.7 241 3.2 2.8–3.6
Biliary tract (155.1–.3) 3 1.2 0.2–3.5 117 1.4 1.2–1.7
Pancreas (157) 13 1.4 0.7–2.3 404 1.7 1.5–1.9

Larynx (161) 12 1.6 0.8–2.8 54 0.9 0.6–1.1
Lung (162) 78 1.3 1.0–1.6 885 0.9 0.9–1.0
Breast (170) 87 0.9 0.7–1.1 697 1.2 1.1–1.2
Ovary (175) 15 1.0 0.6–1.6 114 0.8 0.7–1.0
Corpus Uteri (172) 8 0.7 0.3–1.4 223 1.4 1.2–1.6
Cervix (171) 24 1.0 0.7–1.5 68 0.8 0.7–1.1
Other female genital (176) 4 2.5 0.7–6.3 57 1.5 1.1–2.0
Prostate (177) 7 1.0 0.4–2.1 498 0.9 0.8–1.0
Testis (178) 11 0.6 0.3–1.1 12 1.8 1.0–3.2
Kidney (180) 21 1.6 1.0–2.4 301 1.5 1.3–1.7
Bladder (181) 22 0.9 0.6–1.4 471 1.0 0.9–1.1
Melanoma (190) 20 0.7 0.4–1.1 118 1.1 0.9–1.3
Nonmelanoma skin (191) 71 0.8 0.6–1.0 1003 0.9 0.9–1.0
Brain, nervous system (193) 35 1.3 0.9–1.8 124 1.0 0.9–1.2
Thyroid (194) 2 0.5 0.1–1.8 29 1.4 0.9–1.9
Endocrine (195) 1 1.2 0.02–6.9 4 0.8 0.2–2.0
Lymphatic and hematopoietic (200–205) 38 1.0 0.7–1.4 473 1.1 1.0–1.2
Lymphoma (200–202) 16 1.0 0.6–1.6 183 1.1 1.0–1.3
Multiple myeloma (203) 6 1.5 0.5–3.2 93 1.2 0.9–1.4
Leukemia (204) 10 0.8 0.4–1.5 196 1.1 1.0–1.3

*ICD-7 4 International Classification of Diseases, seventh revision(43).
†95% CI4 95% confidence interval.
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males and nearly twice as high in females
with a co-diagnosis of any of the above
conditions compared with SIRs in sub-
jects without any such diagnosis (Table
3), although an elevation in risk was still
evident in the latter group.

Autopsy diagnoses of cancer were con-
sidered a potential source of detection
bias, since diabetics may have higher au-
topsy rates than the underlying population
and, thus, a greater likelihood of inciden-
tal cancers reported at death. Therefore,
SIRs for primary liver and renal cell can-
cers, which both have a relatively high
frequency of incidental autopsy diagnosis,
were re-calculated excluding incidental
autopsy-diagnosed cancers from the nu-
merator and from the rates used to gener-
ate expected numbers in the denominator.
These ratios were compared to SIRs that
included autopsy-diagnosed cancers.
Sixty-nine percent of male and 66.1% of
female cases of primary liver cancer re-
mained in the numerator after exclusion
of incidental autopsy-diagnosed cases.
The resulting SIRs were slightly lower,
although essentially similar to the original
ratios (Table 3). A total of 71.4% of renal
cell cancers in males and 65.4% in fe-
males remained after exclusion of the in-
cidental autopsy-diagnosed cases. How-
ever, the SIRs were again very similar. In
males, the SIR excluding the autopsy-
diagnosed cases was 1.3 (95% CI4 0.9–
1.7) compared with a SIR of 1.4 (95% CI
4 1.2–1.6) for all renal cell cancers,
while in females, the respective SIRs
were 1.8 (95% CI4 1.3–2.3) and 1.7
(95% CI 4 1.4–1.9).

Diabetes was listed as the sole hospital
discharge diagnosis for 25 291 (23.1%)
subjects at cohort entry, as the primary
but not sole diagnosis for 25 390 (23.2%)
subjects, and as a secondary diagnosis for
58 900 (53.7%) subjects. The SIRs of
liver and pancreatic cancers were the
same in subjects with diabetes as the sole
or primary diagnosis and in subjects with
diabetes as a secondary diagnosis. SIRs
were slightly higher in the secondary di-
agnosis group for both kidney (1.6; 95%
CI 4 1.4–1.8 versus 1.4; 95% CI4 1.1–
1.6) and endometr ia l (1 .5 ; 95%
CI 4 1.3–1.8 versus 1.2; 95% CI4 1.0–
1.5) cancers. Circulatory disease consti-
tuted 39% of the primary diagnoses in
subjects with diabetes as a secondary di-
agnosis.

A total of 4.8% of subjects were diag-
nosed with more than one primary cancer
during the follow-up period. Unusual
clusters of diabetes-associated multiple
primaries within subjects were not ob-
served. Among subjects with primary
liver cancer, 7.4% had another primary
tumor, the most common of which were
lung, colorectal, and breast cancers. Among
those with kidney cancer, 13% were diag-
nosed with another primary tumor, one
quarter of which were bladder cancers.

Discussion

The main findings in this study indi-
cate that there is an elevated incidence of
cancers of the liver, biliary tract, pan-
creas, kidney, and endometrium in pa-
tients hospitalized with a reported diagno-
sis of diabetes. With the exception of liver

cancer, the magnitude of the SIRs for
these cancers was small, suggesting that
diabetes is unlikely to explain a substan-
tial proportion of them. The elevated in-
cidence of these cancers persisted with in-
creasing years of follow-up, although the
SIR of pancreatic cancer declined from
2.1 to 1.3 after 5 years. There were no
striking excesses or deficits according to
age at cohort entry that would suggest a
relationship between the above-named
cancers and diabetes subtype, although
the modest excess in endometrial cancer
was restricted to the 50 years or more
stratum. For reasons that are not clear,
although chance is possible, elevated risks
of oral/pharyngeal and esophageal can-
cers were observed in cohort members en-
tering prior to the age of 50 years. The
preponderance of NIDDM diagnoses
(80% of total) among cohort members en-
tering from 1987 through 1989, when di-
agnostic codes distinguished the two dia-
betes subtypes, implies that these results
mainly reflect cancer risk associated with
NIDDM.

This study confirmed the excess of pri-
mary liver cancer reported among diabet-
ics in several recent studies from Italy(4),
Sweden(5,7),Los Angeles(6), and Japan
(14) and further demonstrated that the di-
agnosis of diabetes preceded the diagno-
sis of liver cancer by many years. While
the excess was highest in diabetics with
reported medical conditions associated
with liver cancer, SIRs were also elevated
in the stratum with individuals who
lacked these conditions, although the lat-
ter SIRs probably underestimate the true
risk because national cancer rates applied
to the denominator include individuals
with these conditions. On the other hand,
underreporting of alcoholism, asymptom-
atic hepatitis infection, and hemochroma-
tosis in hospital records may result in
overestimation of risk.

The causal mechanisms for an excess
risk of liver cancer in diabetics are un-
clear, although alcohol consumption may
be involved as a risk factor for both con-
ditions. Alcohol consumption has been re-
lated to both liver cancer(15) and diabe-
tes (16–19),although not all prospective
studies(20–22)have found an association
with NIDDM. Through another mecha-
nism, the liver of diabetics and of obese
persons may undergo fatty changes (ste-
atosis), with the potential for necrosis

Table 3. Sex-specific standardized incidence ratios (SIRs) of liver cancer, stratified according to years of
follow-up, presence of associated diseases, and autopsy diagnosis

Variable

Males Females

No. SIR 95% CI* No. SIR 95% CI

Years of follow-up†
1–4 90 4.4 3.5–5.4 32 2.3 1.6–3.2
5–9 69 3.6 2.8–4.6 24 1.8 1.2–2.7
ù10 31 4.2 2.8–5.9 12 2.4 1.2–4.1

Reported presence of associated diseases‡
No 97 2.6 2.1–3.1 35 1.4 1.0–2.0
Yes 93 9.9 8.0–12.1 34 2.4 1.7–3.4

Incidental diagnosis of liver cancer at autopsy
Included 190 4.0 3.5–4.6 68 2.1 1.6–2.7
Excluded 132 3.5 3.0–4.2 45 1.6 1.1–2.1

*95% CI 4 95% confidence interval.
†Excludes cancers diagnosed less than 1 year after cohort entry.
‡Includes hepatitis, cirrhosis, and other liver disorders, alcohol dependence and other alcohol-related

conditions, cholelithiasis and other disorders of the gallbladder and biliary tract, jaundice, obesity, and
hemochromatosis.
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(steatohepatitis) and fibrotic progression
to cirrhosis, perhaps resulting from the
cellular accumulation of toxic free fatty
acids in insulin-deficient cells(16,23–25).

Although the risk of pancreatic cancer
in this study decreased significantly with
years of follow-up, a 30% excess re-
mained after 5 or more years. A number
of cohort and case–control studies that ex-
amined pre-existing diabetes as a risk fac-
tor for pancreatic cancer have reported
equivocal results(26), and a temporal se-
quence in which the diagnosis of diabetes
precedes the diagnosis of cancer has not
been uniformly established(27,28).A di-
rect causal link of diabetes to pancreatic
cancer has been questioned because only
a small percentage of pancreatic tumors
arise in insulin-producing islet cells and
most are of exocrine origin. Alternatively,
it has been postulated that diabetes and
pancreatic cancer are separate, histologi-
cally specific responses to a common
etiologic factor(29).

Several other cancers were observed to
be in excess in this study, including can-
cers of the kidney in both sexes, of the
colon in males, and of the endometrium.
In view of the association between diabe-
tes and obesity, it is noteworthy that these
cancers were also elevated in a Danish
record linkage study of obesity and cancer
(30). Obesity and, in particular, central
adiposity are recognized risk factors for
endometrial cancer(31) and postmeno-
pausal breast cancer(32,33), as well as
predictors of insulin resistance and hyper-
insulinemia(34). Although insulin resis-
tance has been linked to breast cancer risk
in one study, independent of body mass
index or distribution of adiposity(35),
several other studies(5,36,37)have not
found a relationship of diabetes per se
with premenopausal or postmenopausal
breast cancer, in concurrence with the re-
sults of this study.

Gallbladder cancer, particularly in
women, has also been associated with
obesity and type of fat distribution, which
may reflect a greater prevalence among
the obese of carcinogenic risk factors,
such as gallstones, cholesterol-supersatur-
ated bile, or high levels of endogenous
estrogens(38). In this study, where the
SIR of biliary tract cancer was 1.4, diabe-
tes may be functioning as a marker of
these risk factors through its association
with obesity. A similar effect may explain
the excess of colon cancer in male diabet-

ics. In this study, SIRs for gallbladder and
colon cancers did not differ among dia-
betics with and without reported obesity,
although underreporting of obesity may
have obscured true differences between
these strata.

Several studies(9,39–41) have re-
ported elevated relative risks of kidney
cancer in diabetics, although these risks
were not statistically significant or were
of borderline significance after adjust-
ment for obesity, a known risk factor for
renal cell cancer. An association of renal
dialysis with some forms of renal carci-
noma and predisposing cysts has been
reported(42), and such dialysis may be
a relevant risk factor among the subset
of diabetics in this cohort who received
dialysis for diabetes-related renal dis-
ease.

The linkage of national hospital and
cancer registries in Denmark to examine
cancer outcomes in diabetics has several
important advantages. A large sample size
was obtained that provided the necessary
statistical power to examine site-specific
cancer incidence and to analyze further
the patterns of risk according to sex and
other descriptive variables. The large
sample size also provided the opportunity
to rule out associations with common can-
cers such as prostate cancer, which
showed no elevation in risk among dia-
betics. Furthermore, by excluding cancers
diagnosed prior to cohort entry from the
analyses, a temporal sequence was estab-
lished in which the diagnosis of diabetes
preceded that of cancer. Stratification on
the basis of years of follow-up and exclu-
sion of cancers diagnosed within the first
year of follow-up or at autopsy demon-
strated that detection biases (i.e., in-
creased cancer diagnoses at the time of
hospitalization with diabetes or at au-
topsy) could not fully explain the elevated
risks of cancers, such as those of the pan-
creas, liver, and kidney.

Interpretation of the results of this
study is limited by the lack of extensive,
reliable data on potentially relevant co-
variates, including obesity and alcohol
consumption, and also by the absence of
specific diagnostic codes to distinguish
IDDM and NIDDM for most of the time
period under observation. Furthermore,
because the cohort was established in a
hospitalized population, the results may
not be generalizable to all diabetics, such
as those with asymptomatic or mild dis-

ease not requiring hospitalization. Under-
reporting of diabetes among hospital pa-
tients with mild disease also cannot be
ruled out. Given the large number of SIRs
that were generated, some associations
may have appeared due to chance alone.
However, chance is unlikely to explain
the strong associations that appeared con-
sistently across various subgroups here
and in previous studies, such as the excess
of primary liver cancer.

This cohort study confirmed the no-
table excess risk of primary liver cancer
in diabetics. The relationship between
diabetes and insulin resistance and liver
cancer should be explored further in mo-
lecular epidemiologic studies where co-
variates and biologic mechanisms are
carefully considered. As the number of
years of follow-up increases in which
separate ICD codes for IDDM and
NIDDM are available in Denmark, future
record-linkage cohort studies may prove
useful for studying cancer outcomes ac-
cording to diabetes subtype, bearing in
mind that patients who are not dependent
on exogenous insulin to sustain life may
still be treated with insulin and therefore
be assigned the IDDM code.
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Molecular Damage in the
Bronchial Epithelium of
Current and Former Smokers
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Background:Most lung cancers are at-
tributed to smoking. These cancers
have been associated with multiple ge-
netic alterations and with the presence
of preneoplastic bronchial lesions. In
view of such associations, we evaluated
the status of specific chromosomal loci
in histologically normal and abnormal
bronchial biopsy specimens from cur-
rent and former smokers and speci-
mens from nonsmokers.Methods:Mul-
tiple biopsy specimens were obtained
from 18 current smokers, 24 former
smokers, and 21 nonsmokers. Polymer-
ase chain reaction-based assays involv-
ing 15 polymorphic microsatellite DNA
markers were used to examine eight
chromosomal regions for genetic
changes (loss of heterozygosity [LOH]
and microsatellite alterations).Results:
LOH and microsatellite alterations
were observed in biopsy specimens
from both current and former smokers,
but no statistically significant differ-
ences were observed between the two
groups. Among individuals with a his-
tory of smoking, 86% demonstrated
LOH in one or more biopsy specimens,
and 24% showed LOH in all biopsy
specimens. About half of the histologi-
cally normal specimens from smokers
showed LOH, but the frequency of
LOH and the severity of histologic
change did not correspond until the
carcinoma in situ stage. A subset of bi-
opsy specimens from smokers that ex-
hibited either normal or preneoplastic
histology showed LOH at multiple
chromosomal sites, a phenomenon fre-
quently observed in carcinoma in situ
and invasive cancer. LOH on chromo-
somes 3p and 9p was more frequent
than LOH on chromosomes 5q, 17p

(17p13; TP53 gene), and 13q (13q14;
retinoblastoma gene). Microsatellite al-
terations were detected in 64% of the
smokers. No genetic alterations were
detected in nonsmokers.Conclusions:
Genetic changes similar to those found
in lung cancers can be detected in the
nonmalignant bronchial epithelium of
current and former smokers and may
persist for many years after smoking
cessation. [J Natl Cancer Inst 1997;89:
1366–73]

Lung cancer is the most frequent cause
of cancer deaths in both men and women
in the United States(1). Tobacco smoking
is accepted as a major cause of cancers of
the lung and of several other cancer types
(2). As with other epithelial cancers, lung
cancer is believed to arise after a series of
progressive pathologic changes (preneo-
plastic lesions) in the bronchial epithe-
lium (3). The sequential preneoplastic
changes have been defined for centrally
arising squamous cell carcinomas but are
poorly documented for small-cell carcino-
mas and adenocarcinomas. Advanced
preneoplastic changes occur far more
frequently in smokers than in non-
smokers, and these changes increase in
frequency with the amount of smoking,
after adjustment for age(4,5). Morpho-
logic recovery occurs after smoking ces-
sation (4,6), although elevated lung
cancer risk persists(7). Changes in bron-
chial epithelium, including metaplasia
and dysplasia, have been utilized as sur-
rogate end points for chemoprevention
studies (8,9). Risk factors that identify
normal or premalignant bronchial tissue
at risk for malignant progression need to
be better defined.

Many mutations, especially those in-
volving recessive oncogenes, have been
described in lung cancers(10,11).Loss of
heterozygosity (LOH) analyses utilizing
polymorphic microsatellite DNA markers
are frequently used to identify allelic
losses at specific chromosomal loci. Alle-
lic losses at chromosomal regions 3p, 9p,
and 17p occur relatively early during the
multistage development of invasive lung
cancer(12–17).In addition, there is evi-
dence of more generalized genomic insta-
bility in lung cancer and its preneoplastic
lesions. Widespread aneuploidy occurs
throughout the respiratory epithelium of
lung cancer patients(18). Microsatellite

alterations are found in many human can-
cers, including lung cancer, and may
serve as clonal markers for early cancer
detection (19,20). Microsatellite alter-
ations involve changes in the size of the
simple nucleotide repeats of polymorphic
microsatellite DNA sequences, resulting
in altered electrophoretic mobility of one
or both alleles. In lung cancers, such al-
terations have been reported to occur at
frequencies ranging from 0% to 45%
(19,21–23).Although the mechanisms
underlying microsatellite alterations are
currently unknown, they may represent a
form of genomic instability(24).

Most previous molecular studies of
lung tissue have been performed in mate-
rial from small numbers of subjects with
concurrent lung cancer, and only scant in-
formation is available about molecular
changes in the respiratory epithelium of
smokers without cancer(15,16,25).In this
study, we determined the frequency of
such alterations at eight chromosomal re-
gions, which are frequently deleted in
lung cancers, in the bronchial epithelium
of current and former smokers in com-
parison with nonsmokers.

Materials and Methods

Study Populations

We studied bronchial biopsy specimens obtained
by fluorescence bronchoscopy from 63 subjects (21
nonsmokers, 18 current smokers, and 24 former
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smokers) (Table 1). All subjects were recruited at
the British Columbia Cancer Agency, Vancouver,
Canada, as part of an Institutional Review Board-
approved clinical trial to study the effect of smoking
on the respiratory epithelium. All participants gave
written informed consent before enrollment into the
study. Because of our inability to enroll older non-
smokers, the control subjects consisted of 16 rela-
tively young, healthy volunteers, three subjects who
had bronchoscopy for chronic cough, and two indi-
viduals with a history of occupational exposure to
asbestos. Subjects were categorized as to smoking
status as follows: (a) Nonsmokers were subjects
who had smoked fewer than 365 cigarettes in their
lifetime, (b) current smokers were subjects who had
smoked more than 365 cigarettes in their lifetime
and who either were currently smoking or had
stopped smoking within the previous 12 months, (c)
former smokers were subjects who had smoked
more than 365 cigarettes in their lifetime and who
had stopped smoking for longer than the previous 12
months, and (d) lifetime smokers (also referred to as
‘‘smokers’’) consisted of a combination of current
and former smokers. Because almost all adults have
at least a minimal exposure to cigarette smoking, we
arbitrarily chose a 365-cigarette exposure, equiva-
lent to one cigarette per day for a year, as the dis-
tinction between smokers and nonsmokers. All
smokers had smoked more than 20 pack-years
(pack-years4 number of packs per day multiplied
by the number of years of smoking), except for three
subjects (1, 10, and 12 pack-years). Most former
smokers (72%) had ceased smoking for 5 years or
longer (mean, 11 years; range, 1–48 years). Sixteen
smokers had a history of prior carcinomain situ
(CIS) or invasive lung cancer.

Of the subjects, 49 (78%) were males and 14
(22%) were females. The mean age of the smokers
was 63 years (range, 26–88 years). Because we were
unable to recruit older nonsmokers, the average age
of the nonsmokers was considerably lower (mean,
34 years; range, 21–60 years). Other relevant subject
information is presented in Table 1.

Fluorescence Bronchoscopy

Fluorescence bronchoscopy was performed by
one of us (S. Lam), as previously described(26,27).
The procedure was performed on the subjects under
local anesthesia with the use of the LIFE-Lung
device following conventional white-light examina-
tion. Briefly, upon illumination of the bronchial sur-
face with a blue light (405–442 nm), the autofluo-
rescence intensity progressively decreases as the

tissue changes from normal to metaplasia, dysplasia,
CIS, and invasive cancer. Lesions as small as 1 mm
in surface diameter were localized, and biopsy speci-
mens were taken under direct vision. Specimens
were taken from all areas of the bronchial tree that
were suspicious for moderate dysplasia or worse. In
addition, at least two biopsy specimens from widely
separated areas of normal or minimally abnormal
fluorescence were taken.

Identification of Preinvasive Lesions

Sections (5mm thick) of bronchial biopsy tissues
were stained with hematoxylin–eosin and examined
by two reference pathologists (A. F. Gazdar and J.
LeRiche) and scored with the use of published cri-
teria for the histologic identification of epithelial
premalignant lesions(3). In case of disagreement, a
consensus diagnosis was achieved with help of the
third pathologist (I. I. Wistuba). Pathologic diag-
noses were categorized as follows: category 1, nor-
mal bronchial epithelium; category 2, hyperplasia
(goblet cell or basal cell type) or simple squamous
metaplasia without dysplasia; category 3, mild dys-
plasia; category 4, moderate or severe dysplasia; and
category 5, CIS.

Microdissection and DNA Extraction

Microdissection and DNA extraction were per-
formed from specimens mounted on microscope
slides, as previously described(13). Precisely iden-
tified areas of normal and abnormal bronchial epi-
thelia were microdissected under microscopic visu-
alization. Microdissected stromal cells from the
same slides provided constitutional DNA. Biopsy
specimens containing a total of at least 300–800
epithelial cells in one or more sections were re-
garded as adequate for analysis and were microdis-
sected. After DNA extraction, 5mL of the digested
samples, containing DNA from at least 50 cells, was
used for each polymerase chain reaction (PCR) re-
action.

Polymorphic DNA Markers and
PCR–LOH Analysis

To evaluate LOH and microsatellite alterations,
we used primers flanking dinucleotide and multi-
nucleotide microsatellite repeat polymorphisms lo-
cated at the following genes or chromosomal loca-
tions: 3p14.2 (FHIT [fragile histidine triad] locus,
D3S4103), 3p14.3–21.1 (D3S1766), 3p21
(D3S1447, D3S1478, and D3S1029), 3p22–24.2
(D3S2432, D3S1351, and D3S1537), 5q22

(L5.71CA), 9p21 (D9S171 and IFNA [interferon
alfa]), 13q14 (RB [retinoblastoma] gene, dinucleo-
tide repeat at intron 2, and tetranucleotide repeat at
intron 20), and 17q31.1 (TP53 [p53] gene, the di-
nucleotide repeat TP53, and a pentanucleotide re-
peat). With four exceptions(28–30), most of the
primer sequences were obtained from the Human
Genome Database. Allelic loss was determined by
modifying a previously described(13) PCR-based
assay, generating32PO4-labeled amplification prod-
ucts, as follows: (a) Nested PCR methods were used;
(b) for detection of loci within the TP53 and FHIT
genes and the 3p21 region, hot-start PCR (TaqStart
Antibody; CLONTECH Laboratories, Inc., Palo
Alto, CA) was used. In individual subjects, only
informative markers that demonstrated constitu-
tional heterozygosity were tested for LOH. There
were no statistically significant differences in het-
erozygosity rates according to chromosomal regions
for any subject category. LOH was scored by visual
detection of complete absence of one allele. Micro-
satellite alterations were detected by a shift in the
mobility of one or both alleles (Fig. 1). After gen-
eration of the initial data and breaking of the histo-
logic code (see belowfor information on binding),
we confirmed that LOH and microsatellite alter-
ations were not artifacts by re-examining all changes
in histologically normal biopsy specimens by repeat
PCR analysis, frequently from an independent mi-
crodissection.

Calculation of Indices for
Documenting Extent of
Molecular Changes

Because heterozygosity at the different loci varied
between subjects, the number of chromosomal re-
gions tested in subjects varied. Thus, indices were
created to compare molecular changes between sub-
jects and between biopsy specimens. The fractional
regional loss index for individual biopsy specimens
(FRL-biopsy) and the fractional regional loss index
for all biopsy specimens from an individual subject
(FRL-subject) were calculated as follows:

FRL-biopsy index=

total number of
chromosomal regions

with LOH

total number of informative
, for any one biopsy.

Table 1. Characteristics of patients and control subjects: smoking histories, clinical information, and biopsy specimens

Subject categories No.
Pack-years,*
mean (range)

Years of smoking
cessation,

mean (range)
Sex,
M:F†

Age, y Biopsy specimens studied

Mean (range) Median Total Mean (range)

Lifetime nonsmokers 21 NA‡ NA‡ 15:6 34 (21–60) 29 67 3.1 (1–7)
Lifetime smokers 42§ 49 (1–132) — 34:8 63 (26–88) 61 188 4.5 (2–9)

Current smokers 18 44 (12–77) 0 14:4 60 (34–83) 59 92 5.1 (2–9)
Former smokers 24 54 (1–132) 11 (1–48) 20:4 65 (26–88) 63 96 4.0 (2–9)

All subjects 63 — — 49:14 53 (26–88) 58 255 4.1 (1–9)

*Pack-years4 number of packs of cigarettes smoked per day multiplied by the number of years of smoking.
†M 4 male; F4 female.
‡Not applicable.
§Two current smokers and 14 smokers had a previous lung cancer.
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FRL-subject index=

total number of
chromosomal regions

with LOH
summed for all

total number of informative
summed for all

, for any one subject.

Statistical Analyses

Pathologists and laboratory staff were blinded as
to subject category and other clinical information
until the data were merged for analysis. Data were
analyzed by use of chi-squared methods for pro-
portions (31). Because of the distribution of the
biopsy and patient indices, the nonparametric Wil-
coxon test(31) was used to compare the groups.
Spearman correlation coefficients were calculated
between the number of regions with LOH and age
and pack-years of smoking(31).The cumulative bi-
nomial test(32) was used to examine the likelihood
that a particular event (loss of the same allele in
paired biopsy specimens) occurs at a particular prob-
ability when observed in repeated trials. When the
results are compared with a chance occurrence
or nonoccurrence, the particular probability of
comparison is .5. All reportedP values are two-
sided.

Results

Histologic Changes

A total of 315 biopsy specimens were
obtained from 63 subjects (average, five

per subject; range, one to nine per sub-
ject). Two hundred fifty-five specimens
(81%) contained adequate numbers of
surface epithelial cells to perform mul-
tiple DNA analyses (Table 1). Ninety-two
biopsy specimens were from current
smokers (mean of 5.1 per subject), 96
were from former smokers (mean of 4.0),
and 67 were from nonsmokers (mean of
3.1). While the nonsmokers were signifi-
cantly younger than the smokers, sample
adequacy was similar in smokers and
nonsmokers (Table 1).

The distribution of histologic catego-
ries of biopsy specimens was significantly
different (P<.001) between smokers and
nonsmokers (Fig. 2, A). In nonsmokers,
65 (97%) of 67 biopsy specimens
demonstrated normal or slightly ab-
normal changes (categories 1 and 2), two
(3%) biopsy specimens demonstrated
mild dysplasia (category 3), and none
demonstrated more severe changes (cat-
egories 4 or 5). In contrast, 96 (51%) of
188 biopsy specimens from 33 (79%) of
42 smoker subjects demonstrated histo-
logic categories 3–5, and only 26 (14%)
of 188 biopsy specimens were normal. In
addition, only four (4%) of 92 biopsy
specimens from current smokers were
normal compared with 24 (25%) of 96

biopsy specimens from former smokers
(P<.001).

Comparison of Molecular Changes
Between Nonsmokers and Smokers

A most striking finding was the com-
plete absence of molecular changes in ev-
ery biopsy specimen from every non-
smoker subject. In contrast, a very high
frequency of LOH at one or more chro-
mosomal regions was detected in 36
(86%) of 42 smokers and in 91 (48%) of
188 of their biopsy specimens (P 4
.0001) (Figs. 2 and 3). There was a mod-
est correlation between the number of
molecular changes per subject (FRL-
subject index) and smoking exposure (r
4 .34). Of interest, the difference in the
mean FRL-subject index between current
(0.19) and former smokers (0.18) was not
significant (P 4 .98) (Fig. 2, B). In ad-
dition, the difference in the mean FRL-
subject index between subjects with a his-
tory of prior lung cancer (0.20) and those
without such a history (0.18) was not sig-
nificantly different (P 4 .12).

Of interest, 10 subjects (five current
smokers and five former smokers; 24% of
the subjects who smoked) demonstrated
LOH at one or more chromosomal re-
gions in all of their biopsy specimens. In
contrast, in six subjects (one current
smoker and five former smokers), no
LOH was detected in any biopsy speci-
men (Fig. 2, B).

Because the smokers tended to be
older and, in fact, there were no non-
smokers above 60 years of age, we at-
tempted to use various multivariate mod-
els to control for the effect of age so
that the effect of smoking could be esti-
mated without confounding by the age
differences. Because of the differences
in the age distributions, these models
were not fully successful for this purpose.
However, none of the three nonsmokers
over 45 years of age had any mutations. In
contrast, among four smokers under 45
years of age, all had multiple mutations in
multiple biopsy specimens.

Correlation Between Molecular
Alterations and Histologic
Changes in Smokers

We correlated the fraction of regional
loss per biopsy specimen with the histo-
logic category in smokers. The data, sum-

Fig. 1. Representative autoradiographs of microsatellite DNA analyses involving biopsy specimens from
four smoker subjects(a–d), showing loss of heterozygosity at chromosomal regions 3p22–24.2(a), 3p14.2
(FHIT gene)(b), 17p (TP53 gene)(c), and 9p21(d). S 4 normal stromal cells; 14 histologic category 1
(normal bronchial epithelium); 24 histologic category 2 (hyperplasia or simple squamous metaplasia
without dysplasia); 34 histologic category 3 (mild dysplasia); 44 histologic category 4 (moderate or
severe dysplasia); 54 histologic category 5 (carcinomain situ). In panelc, in the TP53 pentanucleotide
repeat marker, a microsatellite alteration is evident in normal epithelium (category 1, lane 2).Seetext for
more details.
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marized in Fig. 2, A, demonstrate that the
mean FRL-biopsy indices were similar
(0.13–0.15) from category 1 (normal epi-
thelium) to category 4 (moderate or se-
vere dysplasia) until a significant rise (0.61)
occurred in category 5 (CIS) (P 4 .001).

Another important observation was the
presence of frequent LOH in histologi-
cally normal biopsy specimens (category
1; Fig. 2, A). LOH at one or more chro-
mosomal regions was detected in 13
(50%) of 26 histologically normal biopsy
specimens taken from 10 (53%) of 19
smokers.

LOH was detected more frequently at
certain chromosomal sites than at others
(Fig. 3, A and B). The most frequent al-
lelic losses occurred at one or more chro-
mosome 3p regions (38% of all biopsy
specimens) and at chromosome 9p21
(23% of all biopsy specimens). The least
frequent change was LOH at chromosome
5q (2% of all biopsy specimens, none of
which were in normal epithelium). LOH
at the TP53 (12% of biopsy specimens)
and RB (18%) genes occurred at interme-
diate frequencies.

We tested whether there were differ-

ences between the four specific chro-
mosome 3p regions (3p14.2 [FHIT gene],
3p14.3, 3p21, and 3p22–24.2) suspected
to harbor tumor suppressor genes. Apart
from 3p14.2 (FHIT gene), LOH at the
other chromosome 3p regions was de-
tected in histologically normal epithe-
lium and was quantitatively similar until
the CIS stage, when a statistically sig-
nificant increase in frequency was noted
for all regions (Fig. 3, B). In contrast,
LOH at 3p14.2 (FHIT gene) was first
detected at the later stage of mild dyspla-
sia.

Fig. 2. A) Loss of heterozygosity (LOH)
in individual biopsy specimens according
to smoking status and histologic catego-
ries. LOH is expressed in terms of the
fractional regional loss biopsy (FRL-
biopsy) index (i.e., the fraction of chro-
mosome regions showing LOH in each
biopsy specimen) (range, 0–1). Horizon-
tal bars indicate the mean for each histo-
logic category.B) The FRL-subject (i.e.,
fractional regional loss for all biopsy
specimens from an individual subject) in-
dex distribution in current and former
smoker subjects. Horizontal bars repre-
sent the mean for each group of subjects.
Seetext for more details.
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Allele-Specific Loss

We have previously described the phe-
nomenon that we labeled allele-specific
loss (ASL) indicating that the identical al-
lele is lost in widely separated areas of the
respiratory epithelium(13,14). In this
study, we found the same phenomenon
when two or more biopsy specimens from
the same subject demonstrated losses of
the same marker(s). In such comparisons
of paired biopsy specimens, ASL was
noted in 118 (93%) of 127 cases. Accord-
ing to the cumulative binomial test, the

probability of this finding happening by
chance is 1 × 10−25.

Microsatellite Alterations in Smokers

A high frequency of microsatellite al-
terations at one or more chromosomal loci
was detected only in smokers (27 [64%]
of 42 subjects and 46 [24%] of 188 biopsy
specimens). Of interest, microsatellite al-
terations at one or more chromosomal loci
were detected in four (15%) of 26 histo-
logically normal biopsy specimens occur-
ring in four (21%) of 19 smokers. The
frequencies of microsatellite alterations

did not alter with increasing histopatho-
logic changes. There were no statistically
significant differences in the frequencies
of microsatellite alterations between cur-
rent and former smokers or between sub-
jects with or without a history of prior
carcinoma.

Discussion

Because most lung cancers are attrib-
utable to smoking, we investigated mo-
lecular changes in the normal and abnor-
mal bronchial epithelia of smokers and
nonsmokers. Fluorescence bronchoscopy

Fig. 3. A) Relationship be-
tween loss of heterozygosity
(LOH) at individual chromo-
somal regions according to his-
tologic categories in smokers.
B) LOH at specific regions of
chromosome 3p according to
histologic categories in smok-
ers. See legend to Fig. 1 for
histologic category definitions.
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was used to identify and to obtain biopsy
specimens from multiple areas of histo-
logically normal and abnormal bronchial
epithelia in nonsmokers, current smokers,
and former smokers. After careful micro-
dissection of the epithelium, extracted
DNA was analyzed by PCR for LOH at
eight chromosomal regions frequently de-
leted in lung cancers. These analyses uti-
lized 15 polymorphic microsatellite mark-
ers. In nonsmokers, almost all (97%) of
the biopsy specimens demonstrated nor-
mal or slightly abnormal histology. In
contrast, biopsy specimens from both cur-
rent and former smokers demonstrated the
entire spectrum of preneoplastic patho-
logic changes associated with lung can-
cer. A significantly higher percentage of
biopsy specimens from former smokers
(25%) than from current smokers (4%)
had normal histology. These morphologic
findings are consistent with previous ob-
servations that dysplasia and CIS occur
less frequently in nonsmokers than in
smokers(4) and that histologic recovery
of the bronchial epithelium may occur
relatively rapidly after smoking cessation
(4,6).

While the 21 nonsmokers consisted of
healthy volunteers as well as subjects be-
ing investigated because of chronic cough
or occupational exposure to asbestos, no
molecular changes (either LOH or micro-
satellite alterations) were present in any
of the 67 biopsy specimens analyzed. In
contrast, extensive LOH, frequently of
multiple regions, was present in nearly
half (48%) of the biopsy specimens from
smokers, including 50% of histologically
normal biopsy specimens. Most smokers
(86%) had allelic loss in at least one bi-
opsy specimen, and 10 subjects (24%)
demonstrated allelic loss in every biopsy
specimen analyzed. In addition, microsat-
ellite alterations were present in at least
one biopsy specimen from 64% of the
smokers.

Interpretation of the findings on smok-
ing is potentially limited by the differing
age distribution of the smokers and non-
smokers included in the study. The smok-
ers tended to be older; in fact, there were
no nonsmokers above 60 years of age. We
attempted to use various multivariate
models to control for the effect of age so
that the effect of smoking could be esti-
mated without confounding by the age
differences. Because of the differences in
the age distributions, these models were

not fully successful for this purpose.
However, the complete absence of genetic
changes in the nonsmokers across the age
span from 20 to 60 years indicates that the
substantial genetic changes found in the
smokers cannot be attributed to age alone.
Even in the older nonsmokers (three of
whom were above 45 years of age), there
was no indication of genetic change.

As a result of public health campaigns
in the United States, there has been a sub-
stantial reduction in the percentage of
adults who smoke. From published fig-
ures, it can be estimated that there are
approximately equal numbers of smokers
and former smokers nationwide (about 43
million in each category)(33).At the Uni-
versity of Texas M. D. Anderson Cancer
Center, Houston, more than half of the
recently diagnosed lung cancers arise in
former smokers, and nearly 50% of these
had quit smoking more than 5 years pre-
viously (34). From the current smoking
trends, it appears that former smokers will
account for a growing percentage of all
patients with lung cancer. Multiple muta-
tions are found in invasive lung tumors,
and, presumably, the diminished risk of
former smokers is due to a decrease in the
accumulation of new mutations in the
bronchial epithelium. Somewhat surpris-
ingly, we found no statistically significant
differences in the frequencies or patterns
of allelic loss between current and former
smokers, and multiple molecular abnor-
malities were found in biopsy specimens
from subjects who had quit 10–48 years
previously. These findings suggest that
molecular changes, unlike histologic
changes, may persist long after smoking
cessation. Our findings are consistent
with the maintained increased risk of lung
cancer in former smokers(7).

Subjects with previous aerodigestive
cancers (including those of the lung) are
at greatly increased risk for the develop-
ment of second cancers(35–38). Thus,
another unexpected finding was the lack
of significant differences in molecular
changes between subjects with and with-
out a previous history of lung cancer.

The development of epithelial cancers
requires multiple mutations(39), the step-
wise accumulation of which may indicate
a mutator phenotype(40,41).Thus, it is
possible that those preneoplastic lesions
that have accumulated multiple mutations
are at highest risk for progression to in-
vasive cancer. We found that 12% of his-

tologically normal biopsy specimens had
allelic loss equal to or greater than that
present in CIS lesions. These findings
suggest that CIS and invasive tumors may
arise directly either from normal epithe-
lium or from abnormal epithelium, with-
out passing through the entire histologic
sequence (parallel theory of cancer devel-
opment) (42). In contrast, three CIS le-
sions lacked allelic loss in any of the re-
gions studied. While no published data
exist for CIS of the respiratory tract, mul-
tiple studies of the natural history of uter-
ine cervical CIS indicate that only a
subset progresses to invasive cancer [re-
viewed in(43)]. Our findings suggest that
CIS and other histologically normal or ab-
normal foci having multiple regions of al-
lelic loss are at increased risk of progress-
ing to invasive cancer.

In colon cancer, the accumulation of
mutations during the preneoplastic pro-
cess is not random but usually follows a
pattern(44).Similarly, in lung cancer, the
developmental sequence is not random,
with LOH at one or more chromosome 3p
regions and at chromosome 9p21 being
early events and RAS mutations occur-
ring relatively late(12–15).Our finding
that losses at chromosomes 3p and 9p are
frequent and early events in current and
former smokers without lung cancer are
consistent with these observations. In
contrast, LOH at chromosome 5q, a rela-
tively frequent event in invasive lung can-
cer (45,46),was detected only in the CIS
stage. The short arm of chromosome 3
(3p) contains several discrete regions, in-
cluding 3p12, 3p14, 3p21, and 3p24–25,
which are deleted in lung and other can-
cers and which are each believed to har-
bor recessive oncogenes(11).Deletions at
one or more of these sites were frequently
detected in histologically normal or
slightly abnormal bronchial biopsy speci-
mens.

We have previously demonstrated in
patients with lung cancer that widely
separated regions of the bronchial mucosa
may demonstrate loss of the same allele
of a polymorphic marker(13,14),a phe-
nomenon that we have referred to as al-
lele-specific loss (ASL). In this study,
ASL was noted in 93% of paired compari-
sons. According to the cumulative bino-
mial test, the probability of this finding
happening by chance is 1 × 10−25. While
ASL may represent clonality, we have
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suggested that alternate explanations may
exist (13).

Alterations in microsatellite size are
another genetic change associated with
many cancers, including lung cancers
(19,21–23).The relationship between mi-
crosatellite alterations and DNA repair
mechanisms in lung cancer has not been
established, but these alterations probably
represent evidence of some form of geno-
mic instability (24). Nevertheless, micro-
satellite alterations are attractive candi-
dates for the early molecular detection
of cancer(19,20).We found microsatel-
lite alterations in the normal and abnor-
mal epithelia of smokers but not in non-
smokers. Unlike LOH, the frequency
of microsatellite alterations did not in-
crease with more advanced histologic cat-
egories.

While this study was under review, a
similar study was reported(25), describ-
ing frequent deletions in bronchial biopsy
specimens from current and former smok-
ers. Our results, which are in agreement
with these findings, indicate that multiple
clonal outgrowths of molecularly altered
cells are widely distributed in the bron-
chial epithelium of smokers and that they
persist for many years after smoking ces-
sation. Our findings suggest the hypoth-
esis that identifying biopsy specimens
with extensive or certain patterns of alle-
lic loss may provide new methods for as-
sessing the risk of developing invasive
lung cancer in smokers and for monitor-
ing their response to chemoprevention. As
with all diagnostic tests, these concepts
will need to be validated in clinical trials.
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Geographic Variation in Breast
Cancer Incidence Rates in a
Cohort of U.S. Women

Francine Laden, Donna
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Background: Breast cancer mortality
and incidence rates vary by geographic
region in the United States. Previous
analytic studies have measured mortal-
ity, not incidence, and have used re-
gional prevalences to control for geo-
graphic variation in risk factors rather
than adjusting for risk factors mea-
sured at the level of the individual. We
prospectively evaluated regional varia-
tion in breast cancer incidence rates in
the Nurses’ Health Study and assessed
the influence of breast cancer risk fac-
tors measured at the individual level.
Methods: The Nurses’ Health Study
cohort was establ ished in 1976
when 121 700 female nurses aged 30–55
years living in 11 U.S. states were en-
rolled. These states represent all four
regions of the continental United
States. We identified 3603 incident
cases of invasive breast cancer through
1992 (1 794 565 person-years of follow-
up). We calculated relative risks (RRs)
adjusted for age and for age and estab-
lished risk factors (i.e., multivariate-
adjusted analysis), comparing Califor-
nia, the Northeast, and the Midwest
with the South. Results:For premeno-
pausal women, there was little evidence
of regional variation in breast cancer
incidence rates, either in age-adjusted
or in multivariate-adjusted analyses.
For postmenopausal women in Califor-
nia, age-adjusted risk was modestly el-
evated (RR = 1.24; 95% confidence in-
terval [CI] = 1.05–1.47); after adjusting
for age and for established risk factors,
the excess rate in California was at-
tenuated by 25% (RR = 1.18; 95% CI =
1.00–1.40). No excess of breast cancer
incidence was observed for postmeno-

pausal women in either the Northeast
or the Midwest. Conclusions:Little re-
gional variation in age-adjusted breast
cancer incidence rates was observed,
with the exception of a modest excess
for postmenopausal women in Califor-
nia. Adjustment for differences in the
distribution of established risk factors
explained some of the excess risk in
California. [J Natl Cancer Inst 1997;
89:1373–8]

Mortality rates from breast cancer vary
by geographic region within the United
States. Average annual age-adjusted mor-
tality rates ranged from 18.0 per 100 000
women in Hawaii to 35.7 per 100 000
women in the District of Columbia during
the period 1987 through 1991(1). In re-
gional analyses, mortality rates among
women older than 50 in the northeastern
region have been reported to be from 20%
to 50% higher than those in the southern
United States(2–4). This pattern, along
wi th the r ise in inc idence rates
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throughout most of this century(5), evi-
dence that higher rates are found in urban
areas(2,6), and reports of suspected can-
cer clusters(7–9) have led to speculation
about environmental pollutants as causes
of breast cancer. However, there is also
evidence that established risk factors for
breast cancer, such as fertility rates(10),
delayed childbearing(2,4),economic sta-
tus and educational level(11), exogenous
hormone use(4), and alcohol consump-
tion (12),vary modestly between regions.
Furthermore, regional differences in mor-
tality could be due to differences in the
prevalence of early detection [e.g., mam-
mographic screening practices vary mod-
estly by region(13)] and/or treatment of
incident breast cancers(14–16). In most
previous nationwide studies, mortality
rates have been used, and geographic
variation of potentially confounding fac-
tors was controlled for by using regional
prevalences of these factors, rather than
adjusting for individually measured risk
factors.

We evaluated prospectively the re-
gional variation of invasive breast cancer
incidence in the Nurses’ Health Study
controlling for breast cancer risk factors
collected at the individual level. The
Nurses’ Health Study represents a single
occupational group; potential confound-
ers related to socioeconomic status that
are notoriously difficult to adjust for di-
rectly are at least partially removed by
restricting to this narrower socioeconomic
stratum.

Methods

Study Population

The Nurses’ Health Study is an ongoing prospec-
tive cohort study established in 1976 when 121 700
registered nurses completed a mailed questionnaire
that included items about risk factors for breast can-
cer and other diseases. At enrollment, the partici-
pants were between the ages of 30 and 55 years old
and resided in 11 large states (California, Connecti-
cut, Florida, Maryland, Massachusetts, Michigan,
New Jersey, New York, Ohio, Pennsylvania, and
Texas). These states were originally chosen based on
their size and the approval of the study by the state
nursing associations. No restrictions were made on
the basis of ethnicity or race; however, the partici-
pants were primarily Caucasian (approximately
97%), reflecting the ethnic background of women
trained as registered nurses. Every 2 years, partici-
pants completed follow-up questionnaires to update
information on risk factors for breast cancer and to
report the occurrence of breast cancer and other ill-
nesses.

The subjects included in this analysis were the

118 349 women who did not report breast cancer or
other cancers (with the exception of nonmelanoma
skin cancer) at baseline in 1976.

Assessment of Exposure

Place of residence was defined as the region of the
country in which the participant lived in 1976, the
beginning of the study. We grouped the 11 states
represented by this cohort into four regions based on
census definitions(17)—Northeast (Connecticut,
Massachusetts, New York, New Jersey, and Penn-
sylvania), Midwest (Michigan and Ohio), South
(Florida, Maryland, and Texas), and West (Califor-
nia). In 1976, 14 674 (12.4%) of the cohort lived in
California, 68 921 (58.2%) lived in the Northeast,
21 702 (18.3%) lived in the Midwest, and 13 052
(11.0%) lived in the South. The nurses lived
throughout the 11 states; the county-specific popu-
lation distribution of the cohort reflected that of the
general population of white women of the same age
range, with the exception of some underascertain-
ment of women in large urban counties in the North-
east and in small counties in the South. To account
for duration of exposure, we also defined residence
by region in which the participant lived in 1986, 10
years after the start of the study. In some analyses,
we restricted the cohort to the 110 741 participants
(94%) who lived in the same region in 1976 and in
1986, thereby defining a stable population. In further
analyses, we restricted to the 62 672 women (53%)
who reported in 1992 that they had lived in the same
region at birth, at age 15 years, and at age 30 years.

Assessment of Outcome

Diagnoses of breast cancer were reported on the
biennial follow-up questionnaires. We attempted to
contact nonrespondents by telephone and identified
deaths through next of kin or searches of the Na-
tional Death Index. For each case of breast cancer
reported, we requested permission to obtain medical
records and pathology reports to confirm the diag-
nosis. Because the accuracy of self-reported breast
cancer was extremely high(18), we included in this
report the small number of cases for whom pathol-
ogy reports were not obtained (n4 191). In the
majority of analyses, we considered incident cases
of invasive breast cancer only. In one analysis, we
included incident cases ofin situ carcinoma of the
breast, and we also analyzed breast cancer mortality,
as determined by review of death certificates and
medical records.

Assessment of Breast Cancer
Risk Factors

We obtained information on known and suspected
risk factors for breast cancer in 1976 and updated the
information at the beginning of each 2-year period,
as appropriate. We included the following risk fac-
tors in the multivariate models: age, menopausal sta-
tus, age at menopause, age at menarche, parity, age
at first full-term pregnancy, use of oral contracep-
tives, use and duration of use of postmenopausal
hormone therapy, history of breast cancer in a
mother or a sister, history of benign breast disease,
height, current body mass index (weight [kg]/
height[m]2), and body mass index at age 18 years.
We classified a woman as postmenopausal from the
time she returned a questionnaire on which she re-
ported natural menopause or hysterectomy with bi-

lateral oophorectomy. Women reporting hysterec-
tomy without bilateral oophorectomy were assumed
to be postmenopausal at the age when natural meno-
pause had occurred in 90% of the cohort (54 years
for current cigarette smokers and 56 years for non-
smokers); otherwise, we considered them to be of
uncertain menopausal status.

We collected information on alcohol consumption
prospectively beginning in 1980(19), and it was
updated in 1984, 1986, and 1990. In 1988 we in-
quired as to whether the participant had ever had a
mammographic examination.

Allocation of Person-Time

Follow-up began on June 1, 1976. Each partici-
pant contributed person-time to the analysis up until
June 1, 1992, until date of diagnosis of breast cancer
(date of death from breast cancer for the mortality
analysis), or until the date of death from other
causes, whichever came earlier. In all analyses, ex-
cept those involving mortality, women who reported
a diagnosis of cancer other than nonmelanoma skin
cancer on any questionnaire were excluded from
subsequent follow-up at the beginning of the next
follow-up cycle. For analyses adjusting for alcohol
intake, we began follow-up in 1980 (when alcohol
consumption was first assessed) and limited the co-
hort to the women who were cancer-free at the start
of the 1980 follow-up and who provided detailed
dietary information in 1980 (n4 89 512). Person-
time for each participant was allocated to their re-
gion of residence in 1976. Each individual’s risk
factor status was updated at the beginning of each
2-year period on the basis of information provided
on the follow-up questionnaires. The follow-up rate
was similar between regions and averaged 95% of
potential person-time.

We performed all analyses within the entire co-
hort and separately among premenopausal and post-
menopausal women. In 1976, 22 990 women re-
ported that they were postmenopausal and entered
the postmenopausal follow-up in the period 1976
through 1978. As women became postmenopausal
during follow-up, their person-time was added to the
postmenopausal analysis. By the start of the 1990
through 1992 time period, 71 070 women were de-
fined as postmenopausal. Women who started fol-
low-up as premenopausal (84 692 in 1976) were ex-
cluded from the premenopausal analysis as their
menopausal status changed. Women with missing or
uncertain menopausal status during a given time pe-
riod were excluded from the stratified analysis dur-
ing that time period.

Regional Distribution of Risk Factors

To assess the regional distribution of breast can-
cer risk factors and their potential to confound the
region/breast cancer relationship, we calculated the
proportion of person-time in each covariate category
by menopausal status, standardized to the age dis-
tribution of the premenopausal or postmenopausal
cohort. For the risk factors assessed for the full pe-
riod of follow-up, we used the age distribution of the
entire postmenopausal cohort and of the entire pre-
menopausal cohort to standardize the postmeno-
pausal and premenopausal prevalences, respectively.
For alcohol use, we used the age distributions of the
1980 cohort with dietary data. History of mammog-
raphy was first asked in 1988. Therefore, we calcu-
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lated the percent of women who answered the 1988
questionnaire and reported ever having had a mam-
mographic examination.

Incidence Rates and Comparison to
National Rates

To calculate the age-standardized incidence rates,
we divided the number of incident breast cancers by
the person-time of follow-up and standardized the
regional incidence rates to the age distribution of the
entire cohort at baseline. To assess the comparability
of the Nurses’ Health Study breast cancer incidence
with the national incidence rates of invasive breast
cancer, we calculated the expected number of cases
using age-specific incidence rates observed by the
National Cancer Institute’s Surveillance, Epidemiol-
ogy, and End Results (SEER)1 Program over the
period 1976 through 1990(20), standardized to the
age distribution of the Nurses’ Health Study. The
SEER program consists of data from nine population
registries for cancer incidence in various locations
that represent approximately 10% of the U.S. popu-
lation.

Multivariate Analyses

We used the likelihood ratio test, comparing the
model with indicator variables for both age and re-
gion with the model with only age, to evaluate the
contribution of region to the model and address the
general question of whether regional variation ex-
isted in this cohort. To be consistent with previously
published research from the NCI, we chose the
women residing in the South as the reference group
when comparing incidence between regions(4). We
calculated relative risks (RRs), dividing the inci-
dence rate in each region by the incidence rate in the
South. To control simultaneously for potential con-
founding factors we conducted proportional hazard
analyses(21) by using a pooled logistic regression
model (22,23)with indicator variables for each re-
gion for each category of each breast cancer risk
factor and for 2-year intervals of calendar time. We
calculated the 95% confidence intervals (CIs) for
each RR.

To test whether including the small numbers of
non-Caucasians in the analysis altered our conclu-
sions, we compared our overall results with results
obtained by restricting the cohort to white women
who answered a question on ethnicity (n4 95 672)
in 1992.

Results

Distribution of Risk Factors in
the Cohort

The age-standardized prevalences of
established and potential risk factors for
breast cancer varied modestly across re-
gion for both premenopausal and post-
menopausal women. (These differences
were statistically significant; however,
even very small differences are statisti-
cally significant with such a large sample
size.) Prevalences for postmenopausal
women are shown in Table 1; prevalences

for premenopausal women were similar.
Women residing in California were more
likely to delay childbearing compared
with women in other regions, and women
in California and the South had slightly
fewer children than women in the North-
east and Midwest. Women in California
were much more likely to use oral con-
traceptives and postmenopausal hor-
mones, to have had a mammographic ex-
amination, and to consume alcohol than
other women. Women in the Midwest and
Northeast, in general, were heavier than
other women both at age 18 years and
currently. Age at menopause varied by re-
gion; southern women were slightly
younger at menopause than other women.
In summary, the group residing in Cali-
fornia had the highest prevalence of es-
tablished breast cancer risk factors and
women in the Midwest had the lowest.

Invasive Breast Cancer

Between 1976 and 1992, 3603 incident
cases of invasive breast cancer occurred
among 118 349 nurses during 1 794 565
person-years of follow-up. The overall
age-adjusted incidence rate was 200.8
cases per 100 000 person-years. As de-
fined by residence at baseline in 1976, the
region-specific incidence rates (per
100 000 person-years), standardized to the
age distribution of the entire cohort, were
225.1 in California, 197.9 in the North-
east, 196.5 in the Midwest, and 193.4 in
the South. The overall incidence rate ob-
served in the Nurses’ Health Study was

8% higher than the expected incidence
rate calculated using the SEER program
incidence rates for white women during a
similar period (1976 through 1990).

Among all women, region contributed
significantly to the age-adjusted model (P
4 .05). We observed a small, but statis-
tically significant, elevation of the age-
adjusted breast cancer incidence in Cali-
fornia compared with the South (RR4
1.16; 95% CI4 1.02–1.32) (Table 2).
However, the incidence rates in the
Northeast and the Midwest were not el-
evated relative to the South. After adjust-
ing for established breast cancer risk fac-
tors, the contribution of region to the
model was no longer significant. How-
ever, the RR for California was only
slightly attenuated and still of borderline
significance (RR4 1.13; 95% CI 4
0.99–1.29). The RRs for the Northeast
and the Midwest were similar to the age-
adjusted values. Including cases ofin situ
carcinoma of the breast along with inva-
sive breast cancer cases did not notably
change the age-adjusted RRs. The RRs
for the established breast cancer risk fac-
tors were consistent with results from pre-
vious reports(24).

During the period of follow-up, 1196
premenopausal women and 2005 post-
menopausal women developed invasive
breast cancer. For the premenopausal
women, there was little evidence of re-
gional variation in either the age-adjusted
or multivariate-adjusted analyses (Table
2). For the postmenopausal women, we
observed a statistically significant el-

Table 1. Age-standardized distribution* of breast cancer risk factors for postmenopausal women
by region

California, % Northeast, % Midwest, % South, %

Menarche,ø12 y 45.8 47.0 47.0 45.8
Nulliparous 10.1 7.9 7.4 9.5
Parity, ù5 (among parous women) 15.8 21.2 22.3 13.9
ø24 y at first birth (among parous women) 43.2 49.8 53.7 51.7
ù30 y at first birth (among parous women) 15.5 12.0 10.0 10.3
Ever use of oral contraceptives 37.7 29.3 36.3 31.6
Current use of postmenopausal hormones,ù5 y 19.9 7.9 13.1 18.1
History of benign breast disease 29.6 26.5 28.8 31.1
Family history in mother or sister 8.8 8.6 8.2 8.3
Height, ù168 cm 23.8 19.4 20.3 23.6
Body mass index at age 18 y, <19.0 14.5 11.5 12.5 13.8
Body mass index at age 18 y,ù24.0 12.8 17.0 17.8 14.5
Current body mass index, <21.0 14.6 11.2 11.7 13.4
Current body mass index,ù29.0 12.1 15.2 16.5 12.8
Alcohol, ù15 g/day 14.3 10.7 8.0 9.9
Ever mammogram by 1988 83.8 74.8 77.6 77.5
Age at menopause, <40 y 13.4 11.5 11.6 15.9
Age at menopause,ù50 y 41.3 41.5 40.7 34.9

*Percents represent the age-adjusted person-time allocated to that category divided by the total person-
time of follow-up for the region.
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evated age-adjusted incidence rate in
California (RR4 1.24; 95% CI4 1.05–
1.47). The age-adjusted RR in both the
Northeast and Midwest was 1.08, and nei-
ther was statistically significant. After ad-
justing for all of the breast cancer risk
factors, the excess rate in California was
attenuated by 25% (RR4 1.18) but re-
mained of borderline significance (95%
CI 4 1.00–1.40). The strongest con-
founding factors were age at first birth,
postmenopausal hormone use, and age at
menopause. Finer categories of duration
of postmenopausal hormone use did not

change the association between region
and breast cancer risk. Controlling for
type of menopause (natural, surgical, or
other) also did not alter the association.
The increased risk in California was ap-
parent in both the northern and southern
halves of the state.

In age-adjusted mortality analyses
based on 82 deaths in California and 52
deaths in the South that occurred among
postmenopausal women who were cancer
free at baseline, risk of breast cancer
death was nonsignificantly higher in Cali-
fornia, RR4 1.34 (95% CI4 0.95–1.89).

Ninety-four percent of the cohort lived
in the same region in 1986 as they did in
1976. When we restricted the cohort to
these women, the RRs for invasive breast
cancer incidence were comparable to
those obtained with the full cohort. Addi-
tionally, we restricted the cohort to
women who lived in the same region at
birth, at age 15 years, at age 30 years, and
in 1976. The results were similar to those
obtained using the full cohort, except for a
stronger association observed for Califor-
nia (Table 3).

Adjusting for alcohol intake for the

Table 2. Relative risk (RR) of invasive breast cancer incidence in relation to region of residence in the United States, by menopausal status, among 118 349
women aged 30–55 years in 1976 and followed through 1992

California Northeast Midwest South

All women*
No. of cases 535 2034 639 395
Person-years of observation 220 476 1 048 085 329 008 196 996
RR (age adjusted) (95% CI) 1.16 (1.02–1.32) 1.02 (0.92–1.14) 1.02 (0.90–1.15) 1.00
RR (multivariate) (95% CI)† 1.13 (0.99–1.29) 1.05 (0.94–1.17) 1.03 (0.91–1.17) 1.00

Premenopausal women
No. of cases 142 717 223 114
Person-years of observation 83 093 489 300 152 206 75 740
RR (age adjusted) (95% CI) 1.07 (0.83–1.36) 0.98 (0.80–1.19) 0.99 (0.79–1.23) 1.00
RR (multivariate) (95% CI)‡ 1.02 (0.80–1.31) 1.01 (0.83–1.23) 1.02 (0.81–1.28) 1.00

Postmenopausal women
No. of cases 327 1103 353 222
Person-years of observation 103 956 420 610 134 418 90 585
RR (age adjusted) (95% CI) 1.24 (1.05–1.47) 1.08 (0.93–1.24) 1.08 (0.91–1.27) 1.00
RR (multivariate) (95% CI)§ 1.18 (1.00–1.40) 1.12 (0.97–1.30) 1.09 (0.92–1.29) 1.00

*Women of uncertain menopausal status were included in analyses of all women but were excluded from the stratified analyses.
†Multivariate RR and 95% confidence interval (CI), adjusted for age in 5-year categories, age at menarche (ø12, 13, orù14 years), parity (nulliparous, 1–2, 3–4,

or ù5), age at first birth (nulliparous,ø24, 25–29, orù30 years), use of oral contraceptives (ever or never), menopausal status (premenopausal, postmenopausal,
or unknown), use and duration of use of postmenopausal hormones (never use, current use <5 years, current useù5 years, or past use), history of breast cancer in
a mother or sister, history of benign breast disease, and body mass index (five groups).

‡Multivariate RR and 95% CIs, adjusted for same risk factors as in full cohort analysis, except menopausal status and postmenopausal hormone use, are excluded
from models.

§Multivariate RR and 95% CIs, adjusted for same risk factors as full cohort analysis, with the addition of age at menopause in 2-year categories.

Table 3. Age-adjusted relative risk (RR) of invasive breast cancer incidence (95% confidence interval [CI]) for region, restricted to women who lived in the
same region throughout their lifetime:* follow-up 1976–1992

California Northeast Midwest South

All women†
No. of cases 92 1123 335 113
Person-years of observation 41 248 658 713 197 572 70 579
RR (age-adjusted) (95% CI) 1.37 (1.04–1.80) 1.10 (0.91–1.34) 1.09 (0.88–1.35) 1.00
RR (multivariate) (95% CI)‡ 1.35 (1.02–1.78) 1.14 (0.94–1.39) 1.13 (0.91–1.40) 1.00

Premenopausal women
No. of cases 31 408 119 36
Person-years of observation 18 705 331 033 98 348 29 894
RR (age-adjusted) (95% CI) 1.33 (0.82–2.14) 1.00 (0.71–1.40) 1.00 (0.69–1.46) 1.00
RR (multivariate) (95% CI)‡ 1.27 (0.79–2.05) 1.04 (0.74–1.47) 1.05 (0.72–1.52) 1.00

Postmenopausal women
No. of cases 50 617 186 63
Person-years of observation 17 938 268 672 80 436 31 966
RR (age-adjusted) (95% CI) 1.34 (0.92–1.94) 1.16 (0.89–1.50) 1.17 (0.88–1.55) 1.00
RR (multivariate) (95% CI)‡ 1.31 (0.90–1.91) 1.22 (0.94–1.59) 1.19 (0.89–1.59) 1.00

*As defined by living in the same region at birth, age 15 years, and age 30 years. This question was asked in 1992, therefore only women who answered that
questionnaire were eligible for this analysis.

†Women of uncertain menopausal status were included in analyses of all women but were excluded from the stratified analyses.
‡Multivariate RR and 95% CIs, adjusted for breast cancer risk factors as described in Table 2.
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time period 1980 through 1992 only
slightly attenuated the RR comparing
California to the South; multivariate RR
4 1.19 (95% CI4 0.97–1.46) with al-
cohol versus RR4 1.21 (95% CI 4
0.99–1.48) without alcohol. Adjustment
for alcohol did not alter the lack of asso-
ciation between the other regions and the
risk of breast cancer. California had the
largest percentage of non-Caucasian
population (8%). However, restricting the
cohort to white women defined as those
who did not report Hispanic, African-
American, or Asian ancestry did not ma-
terially change the RRs. Results were also
similar when we restricted the cohort to
women who had had at least one mam-
mographic examination.

Discussion

In prospective analyses of a socioeco-
nomically restricted cohort with members
drawn from all four U.S. census-defined
regions, we did not observe the hypoth-
esized elevated rate of breast cancer inci-
dence in the Northeast compared with the
South nor did we see a significant eleva-
tion in the Midwest. Premenopausal
breast cancer incidence did not vary sig-
nificantly by region. We observed a mar-
ginally statistically significant elevated
age-adjusted breast cancer incidence rate
in California among postmenopausal
women that increased slightly when we
restricted the analysis to women who had
lived in the same region throughout most
of their lives. In this cohort, the South had
a slightly higher prevalence of risk factors
for breast cancer compared with the
Northeast and Midwest for both premeno-
pausal and postmenopausal women and a
slightly lower prevalence of risk factors
compared with California. After control-
ling for these factors, 25% of the excess
rate of postmenopausal breast cancer in
California was explained.

Our results were consistent in direc-
tion, although not in magnitude, with pre-
vious mortality studies. Sturgeon et al.(4)
used data from the National Center for
Health Statistics from 1987 and observed
elevated age-adjusted mortality rate ratios
in all regions compared with the South for
women aged 50–79 years. The RRs were
1.15 in the West, 1.30 in the Northeast,
and 1.18 in the Midwest. In an ecological
analysis controlling for group-defined
risk and prognostic factors, they were able

to explain 50% of the excess mortality in
the Northeast and Midwest, but only 10%
in the West(4). Blot et al. (2) observed a
20% increased rate of breast cancer death
in large counties of the Northeast com-
pared with large counties of the South and
a 50% increase when they compared
small counties. The excess risk in the
West ranged from 7% to 30% in large
and small counties, respectively. The
use of 1960 census data to control for in-
come, urbanization, birth rate, and Ger-
man or Scandinavian ancestry did not
eliminate the region effect among older
women(2).

A limitation of our study is that we
used only 11 states to make inferences
about four large regions. However, these
states contain 53% of the entire U.S.
population and account for large propor-
tions of the populations of their respective
regions (17). With the exception of an
under-ascertainment of women in large
urban counties in the Northeast and in
small counties in the South, the county-
specific geographic distribution of part-
icipants in the Nurses’ Health Study is
remarkably representative of these states
(Laden F, Neas LM, Hunter DJ: unpub-
lished data). However, these states are
not necessarily representative of the re-
gion as a whole, particularly in the South
and West. For example, the proportion
of college-educated persons in Florida,
Maryland, and Texas is closer to the pro-
portion observed in the northern states
than to the proportion in the remainder
of the southern region(11). This limita-
tion may explain why we did not observe
RRs for the Northeast and Midwest of
the same magnitude as seen in the previ-
ous mortality studies. Furthermore, using
only California to represent the West
may explain why our RR in the West is
higher than previously observed. The
breast cancer mortality rate in California
(1986–1990) was the highest in the
Western region and the San Francisco
SEER registry reports the highest inci-
dence rate of all registries in the nation
(1).

The fact that in most states the geo-
graphic distribution of nurses by county
was similar to that of white women in
general suggests that we did not fail to
detect an elevation of risk in certain states
due to underrepresentation of individual
counties in which breast cancer rates may
be higher. We cannot exclude the possi-

bility, however, that very localized expo-
sures within counties might cause breast
cancer and be more common in some
states than others or that within each
county nurses were systematically less
likely to live near these sources of expo-
sure. Our results do diminish the likeli-
hood that environmental exposures that
are widespread and differ between re-
gions cause large differences in breast
cancer rates.

Another potential limitation of this
study is that we did not have prospective
information on screening. However, the
prevalence of mammography was high
and similar in all regions, suggesting that
differential mammography rates were un-
likely to have had substantial influence on
the results. Results were similar when we
restricted the analysis to women who had
had at least one mammographic examina-
tion.

Residual confounding could be respon-
sible for our inability to explain some of
the excess age-adjusted rate of breast can-
cer in California compared with the
South. We were not able to control for
potential risk factors such as physical ac-
tivity, diet, or alcohol consumption in
early life. We did not directly measure
hypothesized environmental risk factors
for breast cancer, such as reduced sunlight
(25), electromagnetic fields(26,27), ex-
posure to organochlorine compounds
(28,29),and other pollutants(30). Thus,
our results do not rule out the possibility
that differences in exposure to these fac-
tors between California and the rest of the
country might be responsible for some of
the small residual difference in breast
cancer incidence that was observed. Re-
assuringly, a recent study showed that re-
gional differences in known breast cancer
risk factors completely accounted for the
modest elevation in breast cancer inci-
dence rates in the San Francisco Bay Area
compared with seven other SEER regis-
tries (31).

Use of the Nurses’ Health Study cohort
restricts the study population to one occu-
pational group of mostly Caucasian
women. Thus, the range of possible occu-
pational exposures is reduced, limiting the
generalizability of the study. However,
this restriction allows us to focus on
nonoccupational environmental expo-
sures that might be associated with re-
gion. Also, because the Nurses’ Health
Study is relatively homogeneous com-
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pared with the general population, we
indirectly controlled for potential con-
founding by socioeconomic status, and
the participants’ relatively good access to
health care should reduce potential con-
founding by regional differences in early
diagnosis. Aspects of socioeconomic
status that vary greatly by region in the
general population may explain why we
did not see the same magnitude of re-
gional variation reported in previous stud-
ies.

Despite these limitations, this study as-
sesses nationwide variation of breast can-
cer incidence rates in a prospective analy-
sis using risk factors assessed at the
individual instead of the group level. The
use of incidence, as opposed to mortality
rates, avoids bias from potential regional
differences in early detection and treat-
ment effectiveness as well as possible
differential migration among cases of
breast cancer due to health care concerns
or retirement. Our results suggest that
there is a small excess age-adjusted inci-
dence of postmenopausal breast cancer in
California but not in the Northeast or
Midwest. Some of the excess rate in Cali-
fornia can be explained by established
risk factors. Geographic variation in
breast cancer rates at the state or regional
level is unlikely to be due to region-specific
differences in exposures to widespread
nonoccupational environmental pollutants.
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Notes

1Editor’s note: SEER is a set of geographically
defined, population-based central tumor registries in
the United States, operated by local nonprofit orga-
nizations under contract to the National Cancer In-
stitute (NCI). Each registry annually submits its
cases to the NCI on a computer tape. These com-
puter tapes are then edited by the NCI and made
available for analysis.
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